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PREFACE 

In the year 2005, the International Cooperative Programme on Assessment and Monitoring 
of Air Pollution Effects on Forests (ICP Forests) celebrates its 20th anniversary. 
Established in 1985 under the Convention on Long-range Transboundary Air Pollution 
(CLRTAP) under the United Nations Economic Commission for Europe (UNECE), it has 
been monitoring forest condition in Europe since 1986. In close cooperation with the 
European Union (EU) and with 40 countries including Canada and the United States of 
America participating, the programme has over the last 20 years grown up into one of the 
largest biomonitoring networks of the world. ICP Forests aims to provide CLRTAP with 
scientific information on the effects of air pollution on forests. It provides a periodic 
overview of the spatial and temporal variation in forest condition in relation to natural and 
anthropogenic stress factors, in particular air pollution. This is achieved by means of a 
large-scale, low-intensity monitoring on a systematic network of more than 6 100 plots 
across Europe, referred to as “Level I”. In addition, the programme contributes to a better 
understanding of the relationships between stress factors, in particular air pollution, and the 
condition of forest ecosystems. For this purpose, intensive monitoring at the ecosystem 
scale is conducted on more than 860 plots selected in the most important forest ecosystems 
of the participating countries, referred to as “Level II”. This required the development and 
international harmonization of methods and standards for the implementation of data 
management and data quality control as well as for scientific evaluations of the monitoring 
data and for continuous reporting of results.  

The results published by ICP Forests within two decades provide a realistic picture of the 
extent and development of forest damage and contribute to the enlightenment of the 
complex causes and effects involved. They constitute a part of the scientific basis of the 
legally binding protocols on air pollution abatement policies of the countries of UNECE 
under CLRTAP. Besides fulfilling its obligations under CLRTAP, ICP Forests will use its 
well established infrastructure, its multidisciplinary monitoring approach and its 
comprehensive data base to also contribute to other processes of international 
environmental policies. Already now, the programme pursues the objectives of several 
Resolutions and provides information on several indicators for sustainable forest 
management of the Ministerial Conference on the Protection of Forests in Europe 
(MCPFE).  Moreover, it will contribute urgently needed information on species diversity 
and carbon sequestration to the United Nations Framework Conventions on Climate 
Change and on Biological Diversity. The recent summer heat and drought events across 
large parts of Europe and the reactions of forests to them underline the need for monitoring 
and evaluation of the impact of climate change on forests. 
 
The monitoring results of each year are summarized in annual Executive Reports. The 
methodological background and detailed results of the individual surveys are described in 
Technical Reports. The present Technical Report on Forest Condition in Europe refers to 
the results of the large-scale transnational survey of the year 2004 and presents results of 
individual studies of the intensive monitoring data made available by the year 2002. 



SUMMARY 

In 2004, the International Cooperative Programme on Assessment and Monitoring of Air 
Pollution Effects on Forests (ICP Forests) and the European Commission (EC) continued to 
assess forest condition in Europe in the nineteenth survey year. Of the participating 40 
countries, 32 assessed crown condition of 325 550 sample trees on 16 763 sample plots of the 
different national grids. Results on the European scale were derived from a subsample of 
133 372 trees on 6 133 plots in 34 countries. These plots are part of the 16 x 16 km 
transnational grid covering 38 countries. The transnational survey of 2004 revealed a mean 
defoliation of 20.5%. Of the main species, Quercus robur and Q. petraea had by far the 
highest mean defoliation (26.6%), followed by Fagus sylvatica (22.3%), Picea abies (20.3%) 
and Pinus sylvestris (18.4%).  
 
For the calculation of the long-term and medium-term development of defoliation, two fixed 
groups of countries had been defined in the Technical Report of 2004 in order to avoid 
distortions of the results due to the inclusion of newly participating countries in the course of 
time. The countries of one group were selected according to their uninterrupted participation 
in crown condition assessment in order to yield as long a time series as possible (1990-2004). 
The other group yields a shorter time series (1997-2004), but comprises as large a number of 
countries as possible. During the period 1990-2004 the largest increase in mean defoliation 
occurred on Quercus ilex and Quercus rotundifolia (from 13.8% to 20.3%), followed by 
Fagus sylvatica (from 17.9% to 24.2%). A similar increase occurred on Quercus robur and 
Quercus petraea (from 21.0% to 26.5%) and on Pinus pinaster (from 13.2% to 18.6%). Picea 
abies showed the lowest increase in defoliation (from 22.4% to 25.3%). In contrast, Pinus 
sylvestris showed a recovery since the mid 1990s particularly in Belarus, Poland and parts of 
the Baltic States. This yielded a better crown condition of Pinus sylvestris in 2003 than at the 
beginning of the time series.  
 
All of the main tree species, except Pinus sylvestris and Quercus ilex and Q. rotundifolia 
show a marked increase in defoliation in the last year of the time series. This recent 
deterioration is particularly frequent in southern Finland, southernmost Sweden, central and 
southern Germany, some parts of France and total Bulgaria. In most of these regions, 
increased defoliation is attributed largely to the severe heat and drought in summer 2003. First 
reactions on this extreme weather situation had already been described in the 2004 Executive 
Report, and further deterioration of crown condition had been predicted. 
 
The spatial and temporal variation of bulk deposition and throughfall was evaluated for 
sulphate, nitrate, ammonium, calcium, sodium and chlorine. Depending on data availability, 
between 179 and 411 intensive monitoring plots were involved in the study. Mean annual 
sulphate deposition decreased by about 40% to 9.5 kg ha-1 y-1 over the period of observation. 
High deposition in coastal areas is correlated with high sodium deposition, indicating sea salt 
as an origin. The decrease in deposition was much less pronounced for ammonium and 
nitrate. A positive correlation between precipitation and deposition was shown in many 
regions. Also on intensive monitoring plots, nitrogen deposition was shown to be positively 
correlated with nitrogen leaching especially on nitrogen enriched soils. At sites with a lower 
nitrogen status, mean annual temperature is an important factor.  
 
Another study describes an approach for the dynamic modelling of air pollution effects. This 
approach will be further developed and later be used for scenario analyses of the development 
of forest ecosystems under those air pollution loads to be expected as a result of clean air 
policies und CLRTAP.  
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1. INTRODUCTION 
 
The present report describes the results of the large-scale transnational survey of the year 
2004 and of individual evaluations of the intensive monitoring data. The report is outlined 
as follows: 
 
Chapter 2 refers to the large-scale crown condition survey. The basic methods of the 
sampling, assessment and evaluation are described. Moreover results of recent data quality 
control exercises are provided. The last subchapter presents the results of the crown 
condition assessment of the year 2004. Emphasis is laid upon the current status and the 
development of crown condition with respect to species and regions. 
 
Chapter 3 presents three studies conducted on intensive monitoring plots. The first study 
analyses deposition and its trends. The second study describes an approach for the dynamic 
modelling of air pollution effects, which will be further developed and later be used for 
scenario analyses of the development of forest ecosystems under air pollution loads to be 
expected in future. The third study evaluates nitrogen retention and release of forest 
ecosystems. 
 
Maps, graphs and tables concerning the transnational and the national results are presented 
in Annexes I and II. Annex III provides a list of tree species with their botanical names and 
their names in the official UNECE and EU languages. The statistical procedures used in 
the evaluations are described 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 2004 
2.1.1  Background 
 
The complete methods of the transnational survey are laid down in the "Manual on 
methods and criteria for harmonized sampling, assessment, monitoring and analysis of the 
effects of air pollution on forests" (LORENZ et al., 2004) and in Commission Regulation 
(EEC) No. 1996/87 and its amendments. In the following sections, the selection of sample 
plots, the assessment of stand and site characteristics and the assessment of crown condi-
tion are described. The sections also refer to measures and results of data quality assurance 
as well as to the evaluation and presentation of the survey results.   

2.1.2  Selection of sample plots 
2.1.2.1  The transnational survey 
 
The aim of the transnational survey is information on the spatial development of forest 
condition at the European level. This aim is achieved by means of large-scale monitoring 
on a 16 x 16 km transnational grid of sample plots. In several countries, the plots of the 
transnational grid are a subsample of a denser national grid (Chapter 2.1.2.2). The coordi-
nates of the transnational grid were calculated and provided to the participating countries 
by EC. If a country had already established plots, the existing ones were accepted, pro-
vided that the mean plot density resembled that of a 16 x 16 km grid, and that the assess-
ment methods corresponded to those of the ICP Forests Manual and the relevant Commis-
sion Regulations. The fact that the grid is less dense in parts of the boreal forests can be 
shown to be of negligible influence due to the homogeneity of these forests. 
 
With 6 133 plots assessed in 31 countries, the transnational survey of the year 2004 was 
the most comprehensive ever. The number of plots increased especially in Finland, where 
the grid was extended into peatlands. In Hungary, the grid was extended into the Great 
Hungarian Plane. Serbia and Montenegro extended its grid in the course of the current 
establishment of the ICP Forests monitoring system. Also the grid of Norway was 
completed, and Andorra was included for the first time. The number of plots in each 
participating country is presented in Table 2.1.2.1-1 for the last 13 years. In addition, 13 
plots were assessed on the Canary Islands, but excluded from the transnational evaluation 
as they are not located in those geoclimatic regions to which all other plots were assigned 
(Annex I-1). They are, however, shown in the respective maps. The figures in Table 
2.1.2.1-1 are not necessarily identical to those published in previous reports. Consistency 
checks and subsequent data corrections as well as new data submitted by countries may 
have caused rearward changes in the data base. For example, the Czech Republic reduced 
from 1998 onwards the number of its plots in order to avoid an overrepresentation of its 
results in the transnational data base. In 2000 Belarus submitted new data which dated 
back to 1997. Italy and Spain completed their plot sample by establishing additional plots. 
 
The spatial distribution of the plots assessed in 2004 is shown in Figure 2.1.2.1-1. The plot 
sample is stratified according to geoclimatic regions adapted from those by WALTER et al. 
(1975), and WALTER and LIETH (1967). For an explanation of these regions see Annex I–1. 
Percentages of plots in the 10 different regions are given in Table 2.1.2.1-2.
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Table 2.1.2.1-1: Number of sample plots from 1992 to 2004 according to the current database. 
 
Country Number of sample plots 
 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Austria 77 76 76 76 130 130 130 130 130 130 133 131 136
Belgium 29 29 29 29 29 29 29 30 29 29 29 29 29
Cyprus    15 15 15 15
Czech Republic 156 178 205 199 196 196 116 139 139 139 140 140 140
Denmark 25 25 25 24 23 22 23 23 21 21 20 20 20
Estonia  86 90 90 91 91 91 91 90 89 92 93 92
Finland 413 405 382 455 455 460 459 457 453 454 457 453 594
France 505 506 534 543 540 540 537 544 516 519 518 515 511
Germany 414 412 417 417 420 421 421 433 444 446 447 447 451
Greece 98 96 96 95 95 94 93 93 93 92 91 - - 
Hungary 65 65 62 63 60 58 59 62 63 63 62 62 73
Ireland 22 22 21 21 21 21 21 20 20 20 20 19 19
Italy 202 212 209 207 207 181 177 239 255 265 258 247 255
Latvia 100 101 94 94 99 96 97 98 94 97 97 95 95
Lithuania 73 74 73 73 67 67 67 67 67 66 66 64 63
Luxembourg 4 4 4 4 4 4 4 4 4 - 4 4 4
The Netherlands 14 13 13 13 12 11 11 11 11 11 11 11 11
Poland 476 476 441 432 431 431 431 431 431 431 433 433 433
Portugal  149 143 147 141 142 144 143 143 143 144 145 136 133
Slovak Republic 111 111 111 111 110 110 109 110 111 110 110 108 108
Slovenia  34 34 42 42 42 41 41 41 41 39 41 42
Spain  462 460 444 454 447 449 452 598 607 607 607 607 607
Sweden 67 59 340 726 766 758 764 764 769 770 769 776 775
United Kingdom 72 69 66 63 79 82 88 85 89 86 86 86 85

EU 3534 3656 3913 4372 4466 4437 4363 4613 4620 4645 4649 4532 4691
Andorra      3
Belarus    416 416 408 408 408 407 406 406
Bulgaria   109 120 120 120 135 115 108 109 99 106 103
Croatia  84 88 82 83 86 89 84 83 81 80 78 84
Moldova  12 12 11 10 10 10 10 10 10 - - - 
Norway 387 390 384 386 387 386 386 381 382 408 414 411 442
Romania 215 167 199 241 224 237 235 238 235 232 231 231 226
Russian Fed.   7 134   
Serbia and 
Monten. 

     103 130

Switzerland 45 45 45 47 49 49 49 49 49 49 49 48 48
Total Europe 4181 4354 4757 5393 5339 5741 5683 5898 5895 5942 5929 5915 6133

 
 
Table 2.1.2.1-2: Distribution of the 2004 sample plots over the climatic regions. 
 
Climatic region Number of plots Percentage of plots 
Boreal 1146 18.7 
Boreal (Temperate) 940 15.3 
Atlantic (North) 340 5.5 
Atlantic (South) 283 4.6 
Sub-atlantic 1125 18.3 
Continental 328 5.4 
Mountainous (North) 291 4.8 
Mountainous (South) 742 12.1 
Mediterranean (Higher) 363 5.9 
Mediterranean (Lower) 575 9.4 
     All regions 6133 100.0 
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Figure 2.1.2.1-1: Plots according to climatic regions (2004). 
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2.1.2.2  National surveys 
 
National surveys are conducted in many countries besides the transnational surveys. The 
national surveys aim at the documentation of forest condition and its development in the 
respective country. Therefore, the national surveys are conducted on national grids. Since 
1986, densities of national grids with resolutions between 1 x 1 km and 32 x 32 km have 
been applied due to differences in the size of forest area, in the structure of forests and in 
forest policies. Results of crown condition assessments on the national grids are tabulated 
in Annexes II-1 to II-7 and are displayed graphically in Annex II-8. Comparisons between 
the national surveys of different countries should be made with great care because of 
differences in species composition, site conditions and methods applied. 
 

2.1.3  Assessment parameters 
2.1.3.1  Stand and site characteristics 
 
The following plot and tree parameters are reported on the transnational plots in addition to 
defoliation and discolouration: 
Country, plot number, plot coordinates, altitude, aspect, water availability, humus type, soil 
type (optional), mean age of dominant storey, tree numbers, tree species, identified damage 
types and date of observation (Table 2.1.3.1-1).  
For the planned repetition of the soil survey at Level I, a more differentiated classification 
of soil types than the one reproduced in Table 2.1.3.1-1 is foreseen. 
 
Table 2.1.3.1-1: Stand and site parameters given within the crown data base. 
 

country state in which the plot is assessed [code number] 
plot number identification of each plot 
plot coordinates latitude and longitude [degrees, minutes, seconds] (geographic) 

Registry and 
location 

date day, month and year of observation 
altitude [m a.s.l.] elevation above sea level, in 50 m steps Physiography 
aspect [°] aspect at the plot, direction of strongest decrease of altitude in 8 

classes (N, NE, ... , NW) and "flat" 
water availability three classes: insufficient, sufficient, excessive water availability 

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

Soil 

soil type optional, according to FAO (1990) 
Climate climatic region 10 climatic regions according to WALTER et al. (1975) 
Stand related 
data 

mean age of 
dominant storey 

classified age; class size 20 years; class 1: 0-20 years, ..., class 7: 
121-140 years, class 8 irregular stands 

tree number number of tree, allows the identification of each particular tree 
over all observation years 

tree species species of the observed tree [code] 

Additional tree 
related data 

identified damage 
types 

treewise observations concerning damage caused by game and 
grazing, insects, fungi, abiotic agents, direct action of man, fire, 
known regional pollution, and other factors 

 
Nearly all countries submitted data on water availability, humus type, altitude, aspect, and 
mean age. The numbers of plots for which these site parameters were reported increased 
distinctively in recent years (Table 2.1.3.1-2). The data set is now almost complete for the 
EU-Member States. One EU-Member State did not report soil type. 
 
 



 Large-scale crown condition surveys 16 

Table 2.1.3.1-2:  Number of sample plots and plots per site parameter. 
 

Country Number Number of plots per site parameter 
 of plots Water Humus Altitude Aspect Age Soil 

Austria 136 136 130 136 136 136 130 
Belgium 29 29 29 29 29 29 28 
Cyprus 15 15 15 15 15 15 0 
Czech Republic 140 140 59 140 140 140 59 
Denmark 20 20 20 20 20 20 20 
Estonia 92 92 92 92 92 92 92 
Finland 594 594 594 594 594 594 594 
France 511 511 511 511 511 511 511 
Germany 451 451 451 451 451 451 420 
Hungary 73 61 41 61 61 73 61 
Ireland 19 19 19 19 19 19 19 
Greece        
Italy 255 255 255 255 255 255 0 
Latvia 95 95 95 95 95 95 95 
Lithuania 63 63 63 63 63 63 63 
Luxembourg 4 4 4 4 4 4 4 
The Netherlands 11 11 11 11 11 11 11 
Poland 433 433 426 433 433 433 38 
Portugal  133 133 133 133 133 133 126 
Slovak Republic 108 0 108 108 108 108 108 
Slovenia 42 42 42 42 42 42 42 
Spain  607 607 607 607 607 607 431 
Sweden 775 775 765 775 775 775 580 
United Kingdom 85 85 85 85 85 85 85 

EU 4691 4571 4555 4679 4679 4691 3517 
Percent of EU plot sample 97.4 97.1 99.7 99.7 100.0 75.0 

Andorra 3 3 3 3 3 2 3 
Belarus 406 406 375 404 406 406 374 
Bulgaria 103 103 103 103 103 103 103 
Croatia 84 84 84 84 84 84 68 
Rep. of Moldova        
Norway 442 0 411 442 442 442 372 
Romania 226 226 226 226 226 226 219 
Serbia and Monten. 130 130 42 130 129 130 109 
Switzerland 48 45 45 48 48 48 45 

Total Europe 6133 5568 5844 6119 6120 6132 4810 
Percent of total plot sample 90.8 95.3 99.8 99.8 99.9 78.4 

 
 
2.1.3.2  Defoliation  
 
On each sampling point of the national and transnational grids situated in forest, at least 20 
sample trees are selected according to standardised procedures. Predominant, dominant, 
and co-dominant trees (according to the system of KRAFT) of all species qualify as sample 
trees, provided that they have a minimum height of 60 cm and that they do not show sig-
nificant mechanical damage. Trees removed by management operations or blown over by 
wind must be replaced by newly selected trees. Due to the small percentage of removed 
trees, this replacement does not distort the survey results, as has been shown by a special 
evaluation.  
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The variation of crown condition is mainly the result of intrinsic factors, age and site con-
ditions. Moreover, defoliation may be caused by a number of biotic and abiotic stressors. 
Defoliation assessment attempts to quantify foliage missing as an effect of stressors in-
cluding air pollutants and not as an effect of long lasting site conditions. In order to 
compensate for site conditions, local reference trees are used, defined as the best tree with 
full foliage that could grow at the particular site. Alternatively, absolute references are 
used, defined as the best possible tree of a genus or a species, regardless of site conditions, 
tree age etc. depicted on regionally applicable photos, e.g. photo guides (Anonymus, 
1986).  
 
Changes in defoliation and discolouration attributable to air pollution cannot be differen-
tiated from those caused by other factors. Consequently, defoliation due to factors other 
than air pollution is included in the assessment results. Trees showing mechanical damage 
are not included in the sample. Should mechanical damage occur to a sample tree, any 
resulting loss of foliage is not counted as defoliation. In this way, mechanical damage is 
ruled out as a cause as far as possible. 
 
In principle, the transnational survey results for defoliation are assessed in 5% steps. The 
assessment down to the nearest 5 or 10% permits studies of the annual variation of defolia-
tion with far greater accuracy than using the traditional system of only 5 classes of uneven 
width (Chapter 2.1.5). Discolouration is reported both in the transnational and in the 
national surveys using the traditional classification. 
 
The total numbers of trees assessed from 1992 to 2003 in each country are shown in Table 
2.1.3.2-1. The figures are not necessarily identical to those published in previous reports 
for the same reasons explained in Chapter 2.1.2.1.  
 
Of the 2004 tree sample 105 species were reported. 63.5% of the plots were dominated by 
conifers, 36.5% by broadleaves (Annex I-2). Plots in mixed stands were assigned to the 
species group which comprised the majority of the sample trees. Most abundant were 
Pinus sylvestris with 27.4%, followed by Picea abies with 20.0%, Fagus sylvatica with 
8.6%, and Quercus robur with 3.7% of the total tree sample (Annex I-3).  
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Table 2.1.3.2-1: Number of sample trees from 1992 to 2004 according to the current database. 
 

Country Number of sample trees 

 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Austria 2167 2121 2107 2101 3670 3604 3577 3535 3506 3451 3503 3470 3586
Belgium 673 685 684 678 684 683 692 696 686 682 684 684 681
Cyprus    360 360 360 360
Czech Rep 3882 4423 5087 4933 4853 4844 2899 3475 3475 3475 3500 3500 3500
Denmark 600 600 600 576 552 528 552 552 504 504 480 480 480
Estonia  2064 2159 2160 2184 2184 2184 2184 2160 2136 2169 2228 2201
Finland 4545 4427 4261 8754 8732 8788 8758 8662 8576 8579 8593 8482 11210
France 10093 10118 10672 10851 10800 10800 10740 10883 10317 10373 10355 10298 10219
Germany 10767 10729 10866 10907 10980 10990 13178 13466 13722 13478 13534 13572 13741
Greece 2320 2272 2272 2248 2248 2224 2204 2192 2192 2168 2144 - -
Hungary 1348 1361 1322 1342 1298 1257 1383 1470 1488 1469 1446 1446 1710
Ireland 460 462 441 441 441 441 441 417 420 420 424 403 400
Italy 5643 5884 5791 5703 5836 4873 4939 6710 7128 7350 7165 6866 7109
Latvia 2396 2420 2257 2262 2368 2297 2326 2348 2256 2325 2340 2293 2290
Lithuania 1768 1843 1760 1776 1643 1634 1616 1613 1609 1597 1583 1560 1487
Luxembourg 95 95 93 96 96 96 96 96 96 - 96 96 96
The Netherlands 280 260 260 257 237 220 220 225 218 231 232 231 232
Poland 9520 9520 8820 8640 8620 8620 8620 8620 8620 8620 8660 8660 8660
Portugal  4508 4308 4414 4230 4260 4319 4290 4290 4290 4320 4350 4080 3990
Slovak Rep. 5251 5144 5115 5091 5018 5033 5094 5063 5157 5054 5076 5116 5058
Slovenia  816 816 1008 1008 1008 984 984 984 984 936 983 1006
Spain  11088 11040 10656 10896 10728 10776 10848 14352 14568 14568 14568 14568 14568
Sweden 300 311 3989 10310 10925 10910 11044 11135 11361 11283 11278 11321 11255
United Kingdom 1728 1656 1584 1512 1896 1968 2112 2039 2136 2064 2064 2064 2040

EU 79432 82559 86026 96772 99077 98097 98797 105007 105469 105491 105540 102761 105879
Andorra      72
Belarus    9974 9896 9745 9763 9761 9723 9716 9682
Bulgaria  4370 4812 4789 4788 5389 4379 4197 4209 3753 3870 3629
Croatia  2016 2150 1970 1974 2030 2066 2015 1991 1941 1910 1869 2009
Moldova  288 288 263 236 253 234 259 234 234 - - -
Norway 4001 4016 3942 3905 3948 4028 4069 4052 4051 4304 4444 4547 5014
Romania 5155 4004 4776 5688 5375 5687 5637 5712 5640 5568 5544 5544 5424
Russian Fed.  183 3180   
Serbia and Mont.      2274 2915
Switzerland 488 500 509 824 854 880 868 857 855 834 827 806 748

Total Europe 89076 93383 102244 117414 116253 125737 126956 132026 132200 132342 131741 131387 135372

 
 
 
2.1.4 Quality Assurance 
 

Since 2001 the basic quality assurance (QA) instrument within ICP Forests, International 
Cross-comparison Courses (ICCs), have been conducted as field exercises on specific test 
ranges where periodically every 4 to 5 years National Reference Teams (NRTs) assess the 
same trees using their national methods in order to  

• document the relative position of individual NRTs within the international context,  
• monitor the consistency of NRTs’ position through time,  
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• improve the traceability of the data by establishing a direct connection with the data 
collected at national level. This will help also explaining anomalous year-by-year 
fluctuations, and 

• explore the relationships between the performance of the various NRTs and the major 
site and stand characteristics. 

As part of those ICCs, photo exercises were conducted during which the participants 
assessed tree crown photographs of test range trees for defoliation (see “ICC photos”, A01 
to C03 in Figure 2.1.4-1). The photographs enable the documentation of the present crown 
condition. The re-assessment of the same photographs and of actual photographs from 

coming ICCs describes 
the change in defoliation. 
For the same trees field 
assessments are made in 
different years as well as 
assessments of photo-
graphs which document 
the tree status in different 
years (Figure 2.1.4-1) 
and the NRTs’ position 
through time. 

2001 2002 2003 2004 2005 2006 2007 2008
year

 

Figure 2.1.4-1: Scheme of ICCs and Photo Exercises since 2001. 

In 2004 the assessment of tree crown photographs by a group of experts was tested. This 
“Photo Exercise 2004” was conducted by the Working Group on Quality Assurance and 
the PCC of ICP Forests during summer 2004. The main aim of this exercise was to get a 
starting point for a time series based on assessments of a wide range of experts which will 
be of high importance in order to describe temporal consistency. Sets of 20 to 26 tree 
crown photographs were compiled for the six most common tree species in Europe. The 
sets consist of photographs already used during former ICCs and additional photographs 
which were made available by national experts.  

144 photo sets were printed and sent to 98 experts in 34 countries in November 2004. Due 
to the circulation of the photo sets among experts in some countries 259 assessments of 
photo sets were made by 79 experts and five teams  representing 31 countries, corre-
sponding to more than 5600 individual photograph assessments. The 259 photograph set 
assessments comprise the following assessments: 

Table 2.1.4-1:Number of assessed sets of photographs during the Photo Exercise 2004. 

Photograph set Tree species Number of assessments 
Scots pine Pinus sylvestris 66 
Norway spruce Picea abies 60 
Beech Fagus sylvatica 52 
European and Sessile oak Quercus robur and Qu. petraea 51 
Maritime pine Pinus pinaster 15 
Mediterranean oak Quercus ilex, Qu. suber and  Qu. rotundifolia 15 

Photo
sets abcx1

ICC A01 B02 C03 A05 B07 C02

ICC 
photos

a01 b02 c03 a01 b02 c03
+a05 +b06 +c07

2001 2002 2003 2004 2005 2006 2007 2008
year

2001 2002 2003 2004 2005 2006 2007 2008
year

abcx2 abcx3 abcx4 abcx5
Photo
sets abcx1
Photo
sets abcx1

ICC A01 B02 C03 A05 B07 C02ICC A01 B02 C03A01 B02 C03 A05 B07 C02A05 B07 C02

ICC 
photos

a01 b02 c03 a01 b02 c03ICC 
photos

a01 b02 c03a01 b02 c03 a01 b02 c03a01 b02 c03
+a05 +b06 +c07+a05 +b06 +c07

abcx2 abcx3 abcx4 abcx5abcx2 abcx3 abcx4 abcx5
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From 526 comments which were made on the general exercise as well as on single photo-
graphs 201 referred to the quality of tree photographs, most of them (128) on poor image 
quality. Other comments asked for more information on the single tree position or growing 
situation as e.g. competition (45).  

For each photograph the median of the assessed values for defoliation was calculated (x-
axis in Figure 2.1.4-2). The mean of the individual absolute differences to those tree 
specific median values was used as measure of variability in order to identify which of the 
photographs were assessed less homogeneously than others. The comments on single 
photographs in combination with the methodology used by the experts are used for distin-
guishing between photographs which are probably not useful for such an exercise and 
those which are scored with high variability due to methodological differences between the 
experts. The photograph with the highest value of mean absolute deviation from the 
median was one of the oak photographs with 14.4%. The corresponding comments made 
by the participants will lead to an exclusion of this specific photograph for coming exer-
cises. Most other photographs were assessed with much lower variability. Only a low 

number of trees reached 
values above 10% defo-
liation for mean absolute 
deviation from the 
median. For most of the 
photos the resulting 
variation of the assess-
ments was rather low. 
96.4% (81.0%) of all 
assessments were in a 
range of ±20% (±10%) 
defoliation around the 
photo specific median 
values. 
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0

2

4

6

8

10

12

14

16

0 20 40 60 80
median defoliation of assessed tree  [% def]

100

beech

N. spruce

M. pine

S. pine

Med. oak

E+S. oak

 
 

Figure 2.1.4-2: Photograph specific mean absolute differences  
of expert assessments from the respective median. 
 
The results of the Photo Exercise 2004 as presented in Figure 2.1.4-2 indicate that photo-
graphs of very healthy or defoliated trees, respectively, are assessed rather homogenous in 
contrast to those of trees with medium defoliation, as expected. Some photograph sets in 
general led to lower variability as e.g. the values for Mediterranean oak are relatively low. 
This can be explained by a lower number of participating countries which implies a higher 
homogeneity of the applied methodology but also by a higher comparability of the repre-
sented crown types. The photograph sets of tree species with a wider spatial distribution in 
Europe led to higher variability of the assessed values. More detailed analyses indicate that 
the diversity of represented types of crown morphology is probably of higher importance 
than the number of countries from which the participants come. 

The most important outcome of the photo exercise in 2004 will be that time series of pho-
tograph assessments are started for a huge number of experts all over Europe. The com-
parison of photograph assessments over the coming years will be an important tool for 
documentation of temporal consistency. The linkage of photo assessments, the digital 
scoring system CROCO (DOBBERTIN and MIZOUE, 2000) and field assessments of ICC test 
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ranges by National Reference Teams will be a valuable data base for the documentation of 
quality assurance. 

2.1.5  Evaluation and presentation of the survey results 
2.1.5.1  Scientific background 
 
The interpretation of the results of the crown condition assessments has to take into 
account the following limitations: 
 
Defoliation has a variety of causes. It would therefore be inappropriate to attribute it to a 
single factor such as air pollution without additional evidence. As the true influence of site 
conditions and the share of tolerable defoliation can not be precisely quantified, damaged 
trees can not be distinguished from healthy ones only by means of a certain defoliation 
threshold. Consequently, the 25% threshold for defoliation does not necessarily identify 
trees damaged in a physiological sense. Some differences in the level of damage across 
national borders may be at least partly due to differences in standards used. This restric-
tion, however, does not affect the reliability of trends over time.  
 
Natural factors strongly influence crown condition. However, in many countries the natural 
growing conditions are most favourable in those areas receiving the highest depositions of 
air pollution. As also stated by many participating countries, air pollution is thought to in-
teract with natural stressors as a predisposing or accompanying factor, particularly in areas 
where deposition may exceed critical loads for acidification (CHAPPELKA and FREER-
SMITH, 1995, CRONAN and GRIGAL, 1995, FREER-SMITH, 1998). 
 
It has been suggested that the severity of forest damage has been underestimated as a result 
of the replacement of dead trees by living trees. However, detailed statistical analyses of 
the results of 10 monitoring years have revealed that the number of dead trees has re-
mained so small that their replacement has not influenced the results notably (LORENZ et 
al., 1994).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.1.5.2-1:  Defoliation and discolouration classes according to 
UNECE and EU classification 

Defoliation class needle/leaf loss degree of defoliation 
0 up to 10 % none 
1 > 10 - 25 % slight (warning stage) 
2 > 25 - 60 % moderate 
3 > 60  - < 100 % severe 
4 100 % dead 

Discolouration 
class 

foliage 
discoloured 

degree of discolouration 

0 up to 10 % none 
1 > 10 - 25 % slight 
2 > 25 - 60 % moderate 
3 > 60 % severe 
4  dead 

2.1.5.2   Classification of defoliation data 
 
The national survey results are submitted to PCC as country related mean values, classified 
according to species and age classes. These data sets are accompanied by national reports 
providing explanations and interpretations. All tree species are referred to by their botani-
cal names, the most frequent of them listed in 11 languages in Annex III. 
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The results of the evaluations of the crown condition data are preferably presented in terms 
of mean plot defoliation or the percentages of the trees falling into 5%-defoliation steps. 
However, in order to ensure comparability with previous presentations of survey results, 
partly the traditional classification of both defoliation and discolouration has been retained 
for comparative purposes, although it is considered arbitrary by some countries. This 
classification (Table 2.1.5.2-1) is a practical convention, as real physiological thresholds 
cannot be defined. 
 
In order to discount background perturbations which might be considered minor, a defolia-
tion of >10-25% is considered a warning stage, and a defoliation > 25% is taken as a 
threshold for damage. Therefore, in the present report a distinction has sometimes only 
been made between defoliation classes 0 and 1 (0-25% defoliation) on the one hand, and 
classes 2, 3 and 4 (defoliation > 25%) on the other hand. 
 
Classically, trees in classes 2, 3 and 4 are referred to as "damaged", as they represent trees 
of considerable defoliation. In the same way, the sample points are referred to as "dam-
aged" if the mean defoliation of their trees (expressed as percentages) falls into class 2 or 
higher. Otherwise the sample point is considered as "undamaged". 
 
Attention must be paid to the fact that Quercus robur and Quercus petraea are evaluated 
together and referred to as “Quercus robur and Q. petraea”. Similarly, Quercus ilex and 
Quercus rotundifolia are evaluated together and noted as “Quercus ilex and Q. rotundi-
folia”.  
 
The most important results have been tabulated separately for all countries having partici-
pated (called "total Europe") and for the 24 EU-Member States.  
 
2.1.5.3 Mean defoliation and temporal development 
 
For all evaluations related to the tree species a criterion had to be set up to be able to 
decide if a given plot represents this species or not. The number of trees with species being 
evaluated had to be three or more per plot (N≥3). The plot wise mean defoliation was 
calculated as the mean of defoliation values of the trees on the respective plot.  
 
The temporal development of defoliation is expressed on maps as the slope, or regression 
coefficient, of a linear regression of mean defoliation against the year of observation. It can 
be interpreted as the mean annual change in defoliation. A value of e.g. 3% means an 
increase by 3% defoliation per year on average. These slopes are called "significant" only 
if there was less than 5% probability that they are different from zero by random variation. 
 
Besides the temporal development, also the change in the results from 2003 to 2004 was 
calculated (Annex I-7). In this case, changes in mean defoliation per plot are called 
"significant" only if both, 
 
• the change ranges above the assessment accuracy, i.e. is higher than 5%, 
• and the significance at the 95% probability level was proven in a statistical test.  
 
For detailed information on the respective calculation method for the change from 2003 to 
2004 see Annex IV. 
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2.2 Results of the transnational survey in 2004 
2.2.1 Crown condition in 2004 

In the transnational survey of the year 2004, defoliation of 135 372 sample trees was 
assessed on 6 133 sample plots. 23.3% of these trees had a defoliation of more than 25%, 
i.e. were classified as “damaged” (Table 2.2.1-1). The share of damaged broadleaves 
exceeded with 26.3% the share of damaged conifers with 21.3%. The percentages of 
damaged trees are mapped for each plot in Annex I-4. Mean defoliation in total Europe is 
20.4%. 
 

Table 2.2.1-1:  Percentages of trees in defoliation classes and mean defoliation for broadleaves, conifers and 
all species. 

 Species Percentage of trees in defoliation class Defoliation No. of 

 type 0-10% >10-25% 0-25% >25-60% >60% dead >25% Mean Median trees 

EU Broadleaves 25.7 46.2 71.9 24.6 2.8 0.7 28.1 22.9 20 40283

 Conifers 35.1 43.1 78.2 19.5 1.6 0.7 21.8 19.7 15 65596

 All species 31.5 44.3 75.8 21.4 2.0 0.7 24.2 20.9 20 105879

Total Fagus sylv. 26.3 45.8 72.1 25.4 2.1 0.4 27.9 22.3 20 11656
Europe Quercus robur 

+ Q. petraea 
16.4 44.3 60.7 35.4 3.2 0.6 39.3 26.6 25 8465

 Broadleaves 29.2 44.5 73.7 23.1 2.5 0.7 26.3 21.9 20 55220

 Picea abies 37.7 34.7 72.4 25.0 2.1 0.5 27.6 20.3 15 27109

 Pinus sylv. 36.0 47.7 83.7 14.6 1.1 0.6 16.3 18.4 15 37104

 Conifers 35.9 42.8 78.7 18.9 1.6 0.8 21.3 19.5 15 80152

 All species 33.2 43.5 76.7 20.6 2.0 0.7 23.3 20.5 15 135372

 

Because the defoliation classes are of uneven width, the frequency distributions for the 5% 
classes in which defoliation data are submitted were calculated. These frequency distri-
butions are shown for the broadleaved trees, the coniferous trees and the total of all trees in 
Figures 2.2.1-1a and 2.2.1-1b for each climatic region as well as for the total of all regions. 
The number of trees, the mean defoliation and the median are also given. The maps in 
Figures 2.2.1-2 to 2.2.1-5 show mean plot defoliation for Pinus sylvestris, Picea abies, 
Fagus sylvatica, and Quercus robur and Q. petraea. For the two main coniferous species, 
Pinus sylvestris and Picea abies, the maps show large and partly well defined regions of 
both high and low defoliation. In contrast, the main broadleaved species, Fagus sylvatica 
as well as Quercus robur and Quercus petraea, show highly defoliated plots throughout 
their habitat. Of these species, the defoliation is highest for Quercus. A map of mean plot 
defoliation of all species is given in Annex I-5. 
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Figure 3.2.1-1a:  Frequency distribution of trees in 5%-defoliation steps. 
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Figure 3.2.1-1b:  Frequency distribution of trees in 5%-defoliation steps. 
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Figure 2.2.1-2: Mean plot defoliation of Pinus sylvestris 
 
Note that some differences in the level of defoliation across national borders may be at least partly due to 
differences in standards used. 
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Figure 2.2.1-3: Mean plot defoliation of Picea abies 
 
Note that some differences in the level of defoliation across national borders may be at least partly due to 
differences in standards used. 
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Figure 2.2.1-4: Mean plot defoliation of Fagus sylvatica 
 
Note that some differences in the level of defoliation across national borders may be at least partly due to 
differences in standards used. 
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Figure 2.2.1-5: Mean plot defoliation of  Quercus robur and Quercus petraea 
 
Note that some differences in the level of defoliation across national borders may be at least partly due to 
differences in standards used. 
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The share of the discoloured trees (i.e. trees of discolouration greater than 10%) of all 
species in total Europe was 6.9% (Table 2.2.1-2). Plot discolouration is mapped in 
Annex I-6. 
 
Table 2.2.1-2: Percentages of trees in discolouration classes and mean defoliation for broad-leaves, conifers 

and all species. 

 Species Discolouration No. of 
 type 0-10% >10-25% >25-60% >60% dead >10% trees 

EU Broad-leaves 93.1 4.8 1.2 0.2 0.7 6.9 40283

 Conifers 95.5 3.0 0.8 0.2 0.6 4.5 65596

 All species 94.6 3.6 0.9 0.2 0.6 5.4 105879

Total Broad-leaves 91.6 6.2 1.5 0.3 0.5 8.4 55220 

Europe Conifers 94.1 4.1 1.0 0.2 0.6 5.9 80152 

 All species 93.1 5.0 1.2 0.3 0.5 6.9 135372 

 

2.2.2  Development of defoliation 
2.2.2.1  Background 
 
The development of defoliation is calculated assuming that the tree sample of each survey 
year represents forest condition. The experience and special studies of previous years 
shows that the fluctuation of trees in this sample due to the exclusion of dead and felled 
trees as well as due to inclusion of replacement trees does not cause distortions of the 
results over the years. However, fluctuations due to the inclusion of newly participating 
countries must be excluded, because forest condition among countries can deviate greatly. 
For this reason, the development of defoliation can only be calculated for defined sets of 
countries. Different lengths of time series require different sets of countries, because at the 
beginning of the surveys the number of participating countries was much smaller than it is 
today. For the present evaluation the following two time series and respectively, the fol-
lowing countries were selected for tracing the development of defoliation: 
 
• Period 1990-2004: 

Belgium, Denmark, Germany (west), Hungary, Ireland, Latvia, Poland, Portugal, 
Slovak Republic, Spain, Switzerland, and The Netherlands. 

 
• Period 1997-2004: 

Austria, Belarus, Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Norway, Poland, 
Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, The 
Netherlands and United Kingdom. 

 
It must be noted that a seven-year time series (1997-2004) is too short to give evidence of 
long-term deterioration or improvement. Several countries could not be included in one or 
both time series because of changes in their tree sample sizes, changes in their assessment 
methods or missing assessments in certain years.  
 
Development of defoliation is presented either as graphs or in maps. Graphs show the 
fluctuations of either mean defoliation or shares of trees in defoliation classes over time. 
Maps indicate trends in mean defoliation calculated as described in Chapter 2.1.5.3. In 



 Large-scale crown condition surveys  31

addition to the development of defoliation during the two above mentioned periods also the 
change in mean plot defoliation from 2003 to 2004 was mapped. The result of this biannual 
comparison is presented in Annex I-7. It shows a significant increase in defoliation on 
18.4% of the plots, whereas only 8.3% of the plots show a decrease. Although the plots 
with increased defoliation are scattered all across Europe, they are particularly frequent in 
southern Finland, southernmost Sweden, central and southern Germany, some parts of 
France and total Bulgaria. In most of these regions, increased defoliation is attributed 
largely to the severe heat and drought in summer 2003. First reactions on this extreme 
weather situation had already been observed in 2003, and further deterioration of crown 
condition had been predicted (FISCHER et al. 2004).  
 
The increase in defoliation from 2003 to 2004 is reflected largely in the trends in mean 
defoliation of the trees of the six most frequent species over the periods 1990-2004 and 
1997-2004 (Figures 2.2.2.1-1 and 2.2.2.1-2). The numerical basis behind the latter two 
graphs can be found in Annex I-9. All of the main tree species, except Pinus sylvestris and 
Quercus ilex and Q. rotundifolia show a marked increase in defoliation in the last year of 
the time series. Since 1990, the largest increase in defoliation - more than six percent 
points - occurred on Quercus ilex and Quercus rotundifolia as well as on Fagus sylvatica. 
For Pinus pinaster as well as for Quercus robur and Quercus petraea the increase in defo-
liation over the same period was more than five percent points. The increase was lowest for 
Picea abies with about three percent points. Pinus sylvestris is the only species showing no 
deteriorating crown condition since 1990. Its recovery particularly in Belarus, Poland and 
parts of the Baltic states since the mid 1990s renders this species in 2004 even in a slightly 
better condition than at the beginning of the time series. Trends in mean plot defoliation for 
the period 1997-2003 are mapped in Figure 2.2.2.1-3. The share of plots with distinctly 
increasing defoliation (18.8%) surmounts the share of plots with decreasing defoliation 
(12.4%). The latter improving plots are largely Pinus sylvestris plots in Belarus and 
Poland.  
 
Trends in defoliation of each of the six most frequent species are described in greater detail 
in Chapters 2.2.2.2 to 2.2.2.7. In each chapter the development of defoliation of the 
respective species is visualised for the total tree sample of all climatic regions in one graph. 
Additional graphs reflect particular developments selected climatic regions. Each chapter 
contains also a map indicating trends of mean plot defoliation. Annexes I-8 and I-9 provide 
for each of the two time series and each of the six species the number of sample trees and 
their distribution over the defoliation classes for each year. This information is given for 
the total of all climatic regions and for each region separately. In addition, the same infor-
mation is provided for three more species, namely Abies alba, Picea sitchensis and 
Quercus suber because of their ecological and economical importance in some regions. 
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 Figure 2.2.2.1-1: Mean defoliation of main species 1990 – 2004. 
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 Figure 2.2.2.1-2: Mean defoliation of main species 1997 – 2004. 
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Figure 2.2.2.1-3: Trends of mean plot defoliation of all main species over the years 1997 to 2004. 
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2.2.2.2  Pinus sylvestris 
 
Pinus sylvestris is the only species represented in all climatic regions. It constitutes the 
largest portion of sample trees in the two periods of observation, 1990-2004 and 1997-
2004. The portion of damaged trees in the total of all regions shows a pronounced decrease 
from a peak at 46.2% in 1994 to 24.3% in 2004. This reflects mainly the recuperation in 
the Sub-Atlantic region - which represents by far the largest share of trees – and to a lower 
extent an extreme decrease in the share of damaged trees after 1992 in Latvia, i.e. in the 
Boreal (temperate) region. Also into the Boreal (temperate) region, but observed only since 
1997, falls a continuous recuperation of Pinus sylvestris until 2004. As a result, the share 
of damaged trees of the observation period 1997-2004 has with 9.4% its so far lowest 
value. The recuperation of Pinus sylvestris is absent or less pronounced in other climatic 
regions. An example is the Mountainous (south) region which represents another large 
portion of the Pinus sylvestris sample trees (Figure 2.2.2.2-1).  
 
The map (Figure 2.2.2.2-2) shows the high number of recuperating plots after1997 in 
Belarus. Many recuperating plots are also seen in Poland, Finland, the Baltic states and 
Germany. Especially Poland and Lithuania have attributed the recuperation largely to 
reduced air pollution. The pie diagram shows that the share of plots showing a recuperation 
(16.5%) is larger than that of the plots showing a deterioration (15.2%). 
 

 
 

All regions    Pinus sylvestris

0

10

20

30

40

50

60

70

80

90

100

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

Pe
rc

en
t o

f t
re

es

Period 1990-2004:  0-10%

Period 1990-2004:  >25%

Period 1997-2004: 0-10%

Period 1997-2004:  >25%

Sub-Atlantic    Pinus sylvestris

0

10

20

30

40

50

60

70

80

90

100

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

Pe
rc

en
t o

f t
re

es

Period 1990-2004:  0-10%

Period 1990-2004:  >25%

Period 1997-2004: 0-10%

Period 1997-2004:  >25%

Boreal (Temperate)    Pinus sylvestris

0

10

20

30

40

50

60

70

80

90

100

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

Pe
rc

en
t o

f t
re

es

Period 1990-2004:  0-10%

Period 1990-2004:  >25%

Period 1997-2004: 0-10%

Period 1997-2004: >25%

Mountainous (South)    Pinus sylvestris

0

10

20

30

40

50

60

70

80

90

100

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Year

Pe
rc

en
t o

f t
re

es

Period 1990-2004:  0-10%

Period 1990-2004:  >25%

Period 1997-2004: 0-10%

Period 1997-2004:  >25%

Figure 2.2.2.2-1:  Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004).  
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Figure 2.2.2.2-2: Trend of mean plot defoliation (slope of linear regression) of Pinus sylvestris over the 
years 1997 to 2004. 
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2.2.2.3  Picea abies 
 
Picea abies constitutes the second largest share of trees behind Pinus sylvestris in both 
periods of observations. In the total of all regions the share of damaged trees decreased 
from its 1994 peak of 38.2% until the late 1990s. After only little changes until 2003, a 
steep increase in defoliation occurred in 2004. In the 1990-2004 period of observation, the 
share of damaged trees in 2004 is with 38.0% almost back to its 1994 peak. This reflects 
largely the development in the Sub-Atlantic and Mountainous (south) regions, which con-
stitute the largest and second largest shares of all Picea abies trees, respectively. In the 
Sub-Atlantic region, the share of damaged trees increased from 34.5% in 2003 to 41.6% in 
2004. In the Mountainous (south) region, the respective increase was even larger, namely 
from 28.7% to 41.0%. This deterioration of crown condition is mainly attributed to the heat 
and drought of the summer 2003. A similar deterioration is observed in the Boreal (tem-
perate) region, but to a lower extent and starting already in 2003 (Figure 2.2.2.3-1). 
 
The recent deterioration in parts of the Sub-Atlantic, Mountainous (south) and Boreal 
(temperate) regions is so pronounced that it is discernable in Figure 2.2.2.3-2, although the 
map shows the trends since already 1997. Of all plots in the map, 18.4% showed a distinct 
increase in defoliation, whereas only 9.9% of them showed a distinct decrease. 
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Figure 2.2.2.3-1: Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004) 
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Figure 2.2.2.3-2: Trend of mean plot defoliation (slope of linear regression) of Picea abies over the years 
1997 to 2004. 
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2.2.2.4  Fagus sylvatica 

Of the broadleaved species, Fagus sylvatica represents the largest portion. In the total of all 
regions and in both periods of observation (1990-2004 and 1997-2004) the share of dam-
aged trees is now with 32.1% and 27.8%, respectively, larger than ever before. This 
deterioration started in 2003 and reflects the increased defoliation since 2003 especially in 
the Sub-Atlantic and Mountainous (south) regions which constitute together more than half 
of the  Fagus sylvatica trees. A particular increase in defoliation occurred in the 1990-2004 
time series in the Mountainous (south) region. There, the share of damaged trees tripled 
approximately from 11.8% in 2002 to 32.5% in 2003 which reflects largely the high fructi-
fication in the eastern Slovak Republic. Another striking increase in defoliation was noted 
in the Atlantic (north) region. There, the share of damage trees of the time series 1990-
2004 increased from 29.2% in 2003 to 45.8% in 2004. This sudden deterioration and the 
deterioration in the Sub-Atlantic region can be attributed to the hot and dry summer of 
2003 (Figure 2.2.2.4-1). 

Besides the deterioration of crown condition of Fagus sylvatica in 2003 and 2004, an 
increase in defoliation over the whole period of 1997-2004 was observed particularly in the 
Atlantic (north), in the Sub-Atlantic and in the Mountainous (south) region. Figure 
2.2.2.4-2 shows the spatial distribution of the trends since 1997 across Europe. The share 
of plots with increasing defoliation is 20.2%. The share of plots showing a decrease in 
defoliation is 9.0%.  
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Figure 2.2.2.4-1:  Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004). 
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Figure 2.2.2.4-2: Trend of mean plot defoliation (slope of linear regression) of Fagus sylvatica over the 
years 1997 to 2004.  
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2.2.2.5  Quercus robur and Q. petraea 
 
The species group Quercus robur and Quercus petraea shares the regional deterioration of 
crown condition in 2003 and 2004 which is also observed for other main species (Chapters 
2.2.2.2-2.2.2.4). The share of damaged trees of the total of all regions recovered from its 
peak with 46.5% in 1994. After a steady stated from 1999 onwards, it increased markedly 
in 2003 because of the summer heat and drought. This reflects mainly the development of 
crown condition in the Sub-Atlantic region which comprises the largest share of the sample 
trees of this species group. In the Sub-Atlantic region the share of damaged trees of the 
time series 1990-2004 increased from 32.6% in 2002 to 36.8% in 2003 and to 42.0% in 
2004. This increase is also seen, though to a lower extent, in the Atlantic (south) region, 
which comprises the second largest share of the Quercus robur and Quercus petraea trees. 
However, the development of defoliation in the Atlantic (south) region differed otherwise 
greatly from that in the Sub-Atlantic region. During the period from 1990 to 2004 the share 
of not defoliated trees decreased from 66.5% to 20.4%. In the Atlantic (north) region, the 
share of damaged trees has been increasing already since 2001. 
 
The spatial variation of the trend since 1997 show that nearly half of the trees with 
increasing defoliation is situated in France. Of all plots of the map, 16.4% show increasing 
defoliation. On 10.1% of the plots defoliation decreased (Figure 2.2.2.5-2). 
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Figure 2.2.2.5-1:  Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004). 
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Figure 2.2.2.5-2: Trend of mean plot defoliation (slope of linear regression) of Quercus robur and 
Quercus petraea over the years 1997 to 2004.
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2.2.2.6  Quercus ilex and Q. rotundifolia 

Quercus ilex and Quercus rotundifolia shows in the total of all regions an increase in the 
share of damaged trees from 11.3% in 1990 to a peak of 28.1% in 1995. This deterioration 
was followed by a clear decrease to 13.4% in 1998. Since then each of the samples of the 
two time series (1990-2004 and 1997-2004) reveals and increase in its share of damaged 
trees by about three percent points. The trees are mainly distributed over the Mediterra-
nean (lower) region, which comprises about three quarters of the sample trees of both 
periods of observation. The development of defoliation in the Mediterranean (higher) 
region is similar (Fig. 2.2.2.6-1). A comparison of the map in Figure 2.2.2.6-2 with that in 
Figure 2.1.2.1-1 suggests that defoliation has been increasing most at higher altitudes. Of 
all plots on the map, 23.9% showed increasing defoliation against only 8.7% of the plots 
with a decrease.   
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Figure 2.2.2.6-1:  Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004). 
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Figure 2.2.2.6-2: Trend of mean plot defoliation (slope of linear regression) of Quercus ilex and 
Quercus rotundifolia over the years 1997 to 2004.  
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2.2.2.7  Pinus pinaster 
 
In the total of all regions, the share of damaged trees of Pinus pinaster is today hardly 
higher than at the beginning of the time series in 1990. Despite this, defoliation of this 
species increased due to a clear decrease in the share of not defoliated trees (defoliation 
0-10%). This share fell from 68.1% in 1990 to 44.1% in 2004. This development reflects 
largely the one in the Mediterranean (lower) and Mediterranen (higher) regions, in which 
more than half of the sample trees are situated. The development in the Atlantic (south) 
region is very different from that. Here, the share of damaged trees decreased from 37.9% 
in 1990 to a minimum of 4.0% in 1999. Since then, it increased to 14.2% in 2004 (Figure 
2.2.2.7-1). 
 
The map in Figure 2.2.2.7-2 shows that the plots with increasing mean defoliation are 
scattered across the whole habitat, while a number of recuperating plots is concentrated in 
Portugal. The share of deteriorating plots is with 24.5% clearly larger than the share of 
improving plots with 16.5%. 
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Figure 2.2.2.7-1:  Shares of trees of defoliation 0-10% and >25% in two periods (1990-2004 and 1997-2004). 
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Figure 2.2.2.7-2: Trend of mean plot defoliation (slope of linear regression) of Pinus pinaster over the years 
1997 to 2004.   

 



 Intensive monitoring 46 

3. INTENSIVE MONITORING 
3.1 Introduction 

The aim of the intensive monitoring is to assess causal relationships on the forest ecosystem 
scale. This is achieved on more than 860 intensive monitoring (Level II) plots selected in 
the most important forest ecosystems of 30 participating countries (see Annex I-10). The 
following surveys are mandatory on all of these plots: Annual assessments of crown 
condition, assessments of soil condition every ten years as well as bi-annual foliage 
chemistry surveys and forest growth studies every five years. Ground vegetation is assessed 
every five years on 715 plots. On 513 plots, atmospheric deposition is assessed 
continuously. Also continuously assessed are ambient air quality on 170 plots, soil solution 
chemistry on 242 plots and meteorology on 206 plots. Phenology is assessed several times 
per year on 64 plots. The complete methods of the intensive monitoring are laid down in 
the “Manual on methods and criteria for harmonized sampling, assessment, monitoring and 
analysis of the effects of air pollution on forests” (ANONYMOUS, 2004). Results of the 
intensive monitoring have been presented in annual Technical Reports since 1997 (e.g. DE 
VRIES et al., 2003).  

In the present report, Chapter 3.2 presents results of bulk and throughfall deposition 
measurements based on the Level II data made available by the countries by 2001. Chapter 
3.3 contains results of a study on depositions of nitrogen an carbon. Chapter 3.4 presents a 
dynamic modelling approach for the future calculation of scenarios of atmospheric 
depositions and their effect. 

 
3.2 Deposition and its trends 

3.2.1 Introduction 

The present chapter aims at the description of deposition situations on Level II plots. 
Element input, element leaching and element budgets for forest soils on Level II plots were 
described in previous reports (DE VRIES et al., 2001). Results on deposition of nitrogen as 
well as critical loads and their exceedances were presented by DE VRIES et al. (2002). 
ULRICH (2003) found linear trends in nitrogen, sulphur, calcium and magnesium 
concentration between 1992 and 2002 for the French intensive monitoring network 
“Renecofor”. In the Technical Report 2004 mean concentrations of nitrogen and sulphur 
bulk depositions and their trends were presented. 

The present chapter describes a study of temporal development and spatial variability of 
nitrate (N-NO3), ammonium (N-NH4) and sulphate (S-SO4) deposition on Level II plots 
from 1996 to 2001. In addition, depositions of calcium (Ca), sodium (Na), and chlorine (Cl) 
and the amount of precipitation are described and presented when ever needed in order to 
enable a sound interpretation of the results.  

 

3.2.2 Methods 

The Level II data used were collected and analysed according to the ICP Forests Manual 
(ANONYMOUS, 2004). The data employed for statistical analyses were checked and 
validated by the Forest Intensive Monitoring Coordinating Institute (FIMCI). Open field 
deposition is measured in order to reflect the local air pollution situation. For assessments 
of air pollution effects on forests deposition under canopy throughfall and in some cases 
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stemflow are measured. Deposition under canopy is generally larger than in the open field 
as wet deposition is additionally polluted by dry deposition which was filtered by the 
canopy from the air and washed off the foliage. This effect leads to a higher total deposition 
in forests (wet + higher dry deposition) compared to open field or “bulk” deposition, 
respectively. Two further processes can be observed during the passage of the deposition 
through the canopy: 

 
Figure 3.2.2-1: Deposition measurements in 

forests. 

1. Leaching, the solution of an element, mostly 
of nutrient cations, from the tree crown into 
the water passing through, which leads to an 
enrichment of the particular element in the 
throughfall deposition compared to bulk 
deposition. 

2. Canopy uptake, the absorption of an element, 
mostly nitrogen compounds, from the water 
passing through the canopy by the leaves 
which leads to decreased deposition of the 
particular element in the throughfall 
deposition compared to bulk deposition. 

Both effects have to be considered when 
interpreting the results of this study related to 
throughfall deposition. 

The study is based on the Level II data on bulk deposition measured in the open field and 
on throughfall deposition in order to describe the under canopy deposition. Due to the fact 
that stemflow data were available only for 16 plots continuously from 1996 to 2001 those 
measurements were not taken into consideration. 

The variables subjected to the statistical analyses are bulk and throughfall deposition data 
expressed in terms of annual deposition in kg.ha-1.yr-1. The time span for trend analyses 
was 1996 to 2001. This is a trade-off between the needs of high numbers of plots in order to 
cover a wide range of deposition situations and of the length of the time span. In fact, real 
trend analysis begins to make sense only for periods of at least 10 years and, thus, the 
present study must be understood as a case of descriptive analyses.  

Among the approximately 500 sites on which deposition is measured within ICP Forests, 
only those sites were selected which have been operational for the whole period 1996-2001, 
with a maximum of 1 month of missing data per year (s. Table 3.2.2-1). For the eventually 
missing period the deposition was estimated by the respective average daily deposition of 
the remaining year.  

For mapping and quantifying temporal development the slope of plot specific linear 
regression over year of observation was used. Thus, with the years of assessment as 
predictor and annual deposition as target variable for each plot, linear relationships were 
obtained. The slopes of the linear equations were statistically tested and depicted in maps 
according to the following classification: 

- Significant decrease: negative slope, error probability lower or equal 5% (green) 
- Decrease: negative slope, error probability greater than 5% (light green) 
- Significant increase: positive slope,  error probability lower or equal 5% (red) 
- Increase: positive slope, error probability greater than 5% (orange) 
- no slope, same deposition in each year (grey) 
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In order to give a general overview on the temporal development, in addition to the slope 
maps, the annual mean depositions were calculated for all examined deposition elements of 
those 169 plots for which all data were completely available from 1996 to 2001 
(Table 3.2.2-1). 

It must be stressed that conclusions about temporal changes in ion deposition based on such 
short time series can only be made with great reservations and do not have final character 
or validity. In order to get information if trends for a particular ion are due to trends in 
precipitation, these were mapped as well. 

The plot-wise mean deposition for a three years period (1999 and 2001) was mapped 
instead of presenting the eventually specific deposition situation in a single year. These 
maps show a high spatial variability of deposition situations. By selecting measurements 
from only 3 years a much higher number of plots could be taken into account than in case 
of a longer time span (Table 3.2.2-1). This relatively high number of plots could be basis 
also for time series analyses if the extent of the Level II monitoring activities is not reduced 
significantly. For mapping, in case of mean deposition percentile classes were chosen 
comprising the whole range of values found. 
Table 3.2.2-1: Number of plots which fulfilled the selection criteria. 

n obs Na Cl Ca N-NH4 N-NO3 S-SO4

complete  169 
Bulk 295 290 292 294 294 285 trend 

1996 – 1999 throughfall 188 185 188 188 188 179 
Bulk 411 409 408 407 409 401 mean 

1999 – 2001 throughfall 283 283 283 282 283 275 

 

3.2.3 Results 

3.2.3.1 Mean Annual Deposition 1999 to 2001 

The mean annual deposition in the period 1999 to 2001 was calculated in bulk as well as in 
throughfall deposition for ammonium, nitrate and sulphur being the most important anions 
in the acidification process. In addition, calculations for sodium, chlorine and calcium were 
done in order to enable a sound interpretation of the outcome. Figure 3.2.3.1-1 shows the 
mean annual sodium (Na) bulk deposition in order to get an impression on which plots sea 
spray is probably an important source of sodium and sulphate deposition. In fact, most of 
those plots which are in the class with highest sodium depositions are located close to the 
coast and seem to be influenced by sea spray effects. 

On many of the plots on which high sulphur bulk depositions were measured (Figure 
3.2.3.1-2) high depositions of sodium are also observed (Figure 3.2.3.1-1), e.g. on the west 
coast of the UK, in the south west of Norway and in Italy and Greece. On the other hand 
there are also plots in Poland, the Slovak Republic, Hungary, the south west of Germany, 
and the north of Italy where the relatively high sulphur deposition can not be linked to sea 
spray due to large distances to the coast and surrounding plots with lower sulphur 
deposition. Thus, the combined interpretation of sodium and sulphur depositions allows an 
identification of plots with high sulphur depositions of anthropogenic origin. 
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Figure 3.2.3.1-1: Mean annual sodium (Na) bulk 
deposition 1999 to 2001. 

Figure 3.2.3.1-2: Mean annual sulphate (S-SO4) bulk 
deposition 1999 to 2001. 

  

Figure 3.2.3.1-3: Mean annual sulphate (S-SO4) 
throughfall deposition 1999 to 2001. 

Figure 3.2.3.1-4: Mean annual nitrate (N-NO3) bulk 
deposition 1999 to 2001. 
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For the mean annual throughfall deposition fluxes of sulphate (Figure 3.2.3.1-3) even more 
plots with high deposition values were observed in Central Europe. In this context it must 
be mentioned that for the plots in Poland no throughfall measurements were available. As 
the three highest values for mean annual sulphur bulk deposition from 1999 to 2001 were 
calculated for plots in Poland (31.1, 40.6, and 56.4 kg.ha-1.yr-1, respectively) it must be 
expected that also throughfall deposition on those plots is comparatively high. 

Figure 3.2.3.1-4 shows the mean annual nitrate bulk deposition which is high on plots in 
Central Europe from the south of Sweden and Norway to the North of Italy and from 
Belgium to the south east of Germany and the Czech Republic. This finding can be 
explained by the high amount of vehicular traffic in this region and the fact that vehicles are 
a major source of nitrate depositions. 

Similar to the findings for nitrate the mean annual deposition fluxes of ammonium are high 
on plots in Central Europe. Again, highest values in bulk deposition were found on plots in 
Poland with 41.0, 24.1 and 24.0 kg.ha-1.yr-1, respectively (Figure 3.2.3.1-5). The highest 
value for ammonium throughfall deposition (Figure 3.2.3.1-6, no observations from Poland 
available) was observed on a plot in Belgium with 33.8 kg.ha-1.yr-1. For this plot a mean 
annual bulk deposition of 10.4 kg.ha-1.yr-1 ammonium was calculated which indicates a 
high amount of dry deposition as result of the filtering effect of the crown.  

  

Figure 3.2.3.1-5: Mean annual ammonium (N-NH4) 
bulk deposition 1999 to 2001. 

Figure 3.2.3.1-6: Mean annual ammonium (N-NH4) 
throughfall deposition 1999 to 2001. 
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3.2.3.2 Trends 

Mean annual deposition on 169 plots shows a reduction for sulphate and a less clear 
development for ammonium and nitrate deposition from 1996 to 2001 (Figure 3.2.3.2-1). 
The reduction in sulphur deposition is most evident for throughfall deposition which 
decreases from almost 16.1 kg.ha-1.yr-1 in 1996 to 9.5 kg.ha-1.yr-1 in 2001. The reduction in 
bulk deposition from 7.4 to 5.8 kg.ha-1.yr-1 is not as impressive and at much lower level. 
Under the assumption that in case of sulphur the amount of canopy exchange (leaching and 
canopy uptake) is of low importance this indicates that (i) the amount of dry sulphur 
deposition is of comparable level to that of wet deposition and that (ii) the reduction of 
sulphur emissions leads to relatively higher reductions in forests than in open field. Both 
statements are based on average values. As further results show, the deposition situation is 

of high variability on the 
examined Level II plots.  
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Figure 3.2.3.2-1: Mean annual 
deposition of sulphate, nitrate, and 
ammonium at 169 plots in bulk and 
throughfall deposition. 

The deposition of nitrogen 
compounds especially in bulk 
deposition shows no clear 
trend. The mean depositions 
for all examined plots are of 
low variability. 

Figure 3.2.3.2-2: Trends of water amount in bulk 
deposition 1996 to 2001. 

Figure 3.2.3.2-3: Trends of nitrate (N-NO3) in bulk 
deposition 1996 to 2001. 
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Because the amounts of bulk deposition and throughfall deposition are dependent on the 
amount of wet deposition, the trend of precipitation is important in order to allow a sound 
interpretation of the development of deposition. The plot specific trends of the amount of 
water in bulk deposition are presented in Figure 3.2.3.2-2. On more than 70% of the plots 
precipitation increased during the observation period. 

It can be stated that on many plots in the 
northern part of France and in the south-
west of Germany, the west of Belgium, and 
in the north-east of Poland the amount of 
water in bulk deposition, the precipitation, 
increased during the observed period. On 
most plots in the same regions also nitrate 
bulk deposition increased from 1996 to 
2001 (Figure 3.2.3.2-3). In other regions 
such as south-east Poland, Austria and 
southern France a decrease in water amount 
and nitrate deposition is observed. This 
coincidence – increase in both, water 
amount and nitrate deposition – is not found 
in the United Kingdom, in the middle of 
Norway as well as on some plots the south 
of Finland, in Hungary, the Slovak 
Republic, in western Austria, and in 
southern Germany where nitrate deposition 
decreased although the amount of 
precipitation increased. In accordance with 
this observation, the share of plots with 
decreasing nitrate bulk deposition is with 
almost 60% much higher than that of plots 
with decreasing precipitation. 

Figure 3.2.3.2-4: Trends of ammonium (N-NH4) in 
bulk deposition 1996 to 2001. 

The coincidence of increasing deposition on plots with increasing precipitation values is not 
found to be as clear for ammonium (Figure 3.2.3.2-4) and again the share of plots with 
decreasing deposition fluxes (almost 45%) is higher than that of decreasing precipitation 
(29.1%). But also for ammonium the increase in bulk deposition seems to be related with 
an increase in precipitation.  

The highest frequency of plots with statistically significant decrease in deposition was 
found for sulphur throughfall deposition fluxes with 31.8% (Figure 3.2.3.2-5), on 58.1% of 
the plots the decrease was not significant. For example in southern Germany plots are 
found with decreased throughfall deposition of sulphur although precipitation increased in 
the same period (Figure 3.2.3.2-2).  

Also in case of sulphur bulk deposition (Figure 3.2.3.2-6) a significant increase in 
deposition is mostly found on those plots where the precipitation amount also increased 
significantly. Thus, e.g. on a plot in south eastern Sweden a statistically significant increase 
in sulphur bulk deposition was observed where the amount of water in bulk deposition 
increased as well. Nevertheless, there are also some plots with increased deposition and 
decreased precipitation in southern Poland. 
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Figure 3.2.3.2-5: Trends of sulphate (S-SO4) in 
throughfall deposition 1996 to 2001. 

Figure 3.2.3.2-6: Trends of sulphate (S-SO4) in bulk 
deposition 1996 to 2001. 
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3.3 DYNAMIC MODELLING 
3.3.1 Introduction 
 
The Convention on Long Range Transboundary Air Pollution (CLRTAP) of the United 
Nations Economic Commission for Europe (UNECE), which celebrated its 25th anniver-
sary last year, implemented 8 international environmental treaties as important political 
instruments for emission control and reduction. From 1990 to 2010 emissions of sulphur 
will be reduced by 63%, nitrogen oxides by 41% and ammonia by 17% (WGE 2004). 

Up to now critical loads derived by steady state models have been used in the CLRTAP 
negotiations. The critical load is defined as "a quantitative estimate of an exposure to depo-
sition of nitrogen as NHx and/or NOy below which harmful effects in ecosystem structure 
and function do not occur according to the present knowledge"; for acidification accord-
ingly „...of acidifying compounds...“ (ICP Modelling&Mapping 2004). 

If the above quoted emission ceilings will be reached in 2010, time delay aspects between 
time point of non-exceedance and recovery of abiotic and biotic environment become more 
important. For this dynamic models have to be applied. 

The time delay aspects are shown in Figure 3.3.1-1. If the critical loads are exceeded by 
deposition (left grey area, red line), the ecosystem is able to compensate the deposition for a 
more or less time period. The chemical (e.g. pH in soil solution, blue line) and the biologi-
cal response (brown line) of the ecosystem, which is in line with a decline of ecological 
indicators, occur with time delay. This is called damage delay time (DDT). Decrease depo-
sition due to emission reduction below critical load (right grey area, red line), theoretically 
recovery of the abiotic and biotic parts of an ecosystem occurs also with time delay (recov-
ery delay time, RDT). 
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Figure 3.3.1-1:  Time aspects in soil and biotic response of an ecosystem due to atmospheric deposition 

(UBA 2004, adapted). 
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As shown by actual studies in several countries ecosystem recovery takes decades or 
centuries in dependency of abiotic and biotic conditions, especially in central Europe where 
deposition loads were the highest (SVERDRUP et. al 2005, BECKER et al. 2004). 

The monitored parameters of ICP Forests Level I and Level II plots build a very good data 
base for dynamic models. But the measured data cover at best a period of some decades. 
For a forest ecosystem this time period is very short. Dynamic models could help scientists 
to broaden their knowledge concerning time aspects and process understanding of forest 
ecosystem complexity. The future effects of forestry measures like harvest practice or 
liming could be estimated by using dynamic models. 

Dynamic soil models have been and are applied to show the effects of acid deposition on 
soils and to derive targets for emission reduction in respect to acidification processes. This 
year dynamic models are available which include acidification and eutrophication 
processes. They build the basis to estimate effects of deposition, climate change and forest 
measures on soil chemistry and bio diversity. 
 
3.3.2 Methods 

3.3.2.1 Dynamic soil models and their concepts 
In this year’s report results of dynamic models are presented which are developed with the 
objective to show the effects of acid deposition on soils. These models are well tested and 
validated. Two models are used for this report and are described below: The Very Simple 
Dynamic model (VSD) and SAFE (Soil Acidification in Forest Ecosystems).  

The next generation of dynamic models is now available for testing. In addition to 
acidification they estimate effects of eutrophication and climate change on soil chemistry 
and biodiversity. The next report will handle their methods and first results. 
 
Very Simple Dynamic Model (VSD) 
 
The dynamic model VSD (Very Simple Dynamic) is a simple extension of the steady-state 
Simple Mass Balance (SMB) which is used to calculate critical loads. It includes cation 
exchange and time-dependent N immobilisation and is restricted to the ecosystem key 
processes. VSD takes not into account the nutrient cycles, the dependency of deposition to 
bio mass, nitrogen fixation, ammonia and sulphur adsorption and complexation of 
aluminium. 

VSD consists of mass balance equations which describe the proportion of element fluxes 
into the soil to that ones which leaves the soil. Soil solution chemistry depends on 

• net fluxes of deposition minus element uptake by harvested vegetation minus 
immobilisation of nitrogen and  

• geochemical processes of soil weathering, CO2 equilibrium and cation exchange. 

The exchange of Al, H and Ca+Mg+K is described by using Gaines Thomas or Gapon 
equation. 

VSD is a simple one layer model – vertical heterogeneity of the soil is neglected. In fact of 
this it assumes equal conditions for soil and soil solution in the whole rooted soil body. 
VSD calculates all implemented processes in yearly time steps. 

Detailed information on concepts and methods for VSD can be found in POSCH and REINDS 
(2005). 
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SAFE (Soil Acidification in Forest Ecosystems) model 
 
SAFE is a dynamic soil chemistry model developed by SVERDRUP and WARFVINGE with 
the objective to show the effects of acid deposition on soils and ground water although 
nitrogen processes are included. It based on the steady state model PROFILE (SVERDRUP 
and WARFVINGE 1992). The soil body can be split up into several, with respect to their 
chemical and physical properties homogenous soil layers. For each layer detailed soil 
solution chemistry and cation exchange is calculated by using mass balance equations. 

The included key processes in SAFE are: 

• soil solution equilibrium reactions including CO2, organic acids and aluminium 
• cation exchange 
• element movement with horizontal water flow in the multi layer concept 
• weathering processes for base cations and aluminium in equilibrium to soil solution 

based on mineral contents 
• nitrification 

An overview of the model compartments is given in Figure 3.3.2.1-1.  

 

Figure 3.3.2.1-1: Overview of the model compartments of SAFE (ALVETEG 1998 and MARTINSON 2004, 
adapted) 

SAFE needs consistent time series of deposition, nutrient cycle parameters and 
mineralization which are calculated by MAKEDEP model: 

• deposition of base cations, nitrogen, sulphur and chloride in interaction with bio 
mass 

• nutrient cycle of Ca, Mg, K and N 
• mineralization of base cations and nitrogen 
• detailed implementation of harvesting measures which influences nutrient export, 

deposition, mineralization and nutrient cycle  

InitSAFE calculates the initial conditions of soil chemistry which are input data for SAFE. 
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The model concept of SAFE includes all important processes to describe soil chemistry of a 
forest ecosystem. Partly they are simplified. For sulphur exchange processes additional data 
is needed. Details on SAFE model and the follow-up model ForSAFE can be found in 
ALVETEG (1998), MARTINSON (2004), WALLMAN (2004) and WALSE (1998). 

 
3.3.2.2 Data need of dynamic modelling 
Table 3.3.2.2-1 gives an overview what kind of data is needed to apply the dynamic models 
SAFE and VSD. Almost all of these parameters are part of the ICP Forests Level II 
program either mandatory or optional. In principle it is possible for all National Focal 
Centres (NFCs) of the ICP Forests to apply dynamic models based on their own data. In 
Germany a successful cooperation of NFC Forests and NFC Modelling & Mapping was 
developed to bring together all data and knowledge for applying critical load approaches 
and dynamic models. 
Table 3.3.2.2-1: Needed parameters for calculating critical loads and for dynamic modelling 
 
 parameter unit model 

S = SAFE 
V = VSD 

optional 

latitude [dec °] S, V  
longitude [dec °] S, V  
soil type [] V  

general 

humus description [] S, V  
yearly through fall precipitation [m a-1] S  
yearly open field precipitation [m a-1] S  
yearly precipitation surplus [m a-1] S, V  

meteo (for 
different 
years) 

yearly mean temperature [° C] S, V  
tree species [] S, V  
planting year [] S, V  
harvested biomass per year as mean value over the time from 
planting to harvesting of the plot 

[fm ha-1 a-1] S, V  

% of tree species area of plot area [%] S, V  
contents of N, Ca, K, Mg in stem, bark, root, branch and canopy [g kg-1] S, V √ 

trees (for all 
tree species) 

bio mass of stem, bark, root, branch and canopy for a specified 
year 

[fm ha-1] S √ 

depo (for 
different 
years) 

total deposition of S, NOy, NHx, Ca, Mg, K, Na, Cl [eq ha-1 a-1] S, V  

upper and lower depth of soil layer [m] S, V  
clay, silt and sand content [%] S, V  
coarse content [%] S, V  
humus content [%] S, V  
water content (for plants useable water capacity) [%] S, V √ 
soil density [g kg-1] S, V  
parent material [] V  
dissolved organic carbon (DOC) [mg l-1] S, V √ 
mineral contents [%] S  
cation exchange capacity (CEC) [µeq g-1] S, V  
base saturation [%] S, V  

soil 
(for all soil 
layers) 

C/N ratio [] S, V  
soil solution soil solution contents of ph, S, NOy, NHx, Ca, Mg, K, Na, Cl, Al 

for checking 
 S, V √ 

 
 
3.3.3 Results 
In this chapter the results of the dynamic models SAFE and VSD are presented. The soil 
solution pH value is chosen as well known and accepted chemical indicator to value the 
ecosystem conditions for the years 1800 to 2100. VSD results give a mean soil solution pH 



 Intensive monitoring 58 

for the whole soil profile. In contrast pH values for each layer of the soil profile are 
calculated by SAFE. 

To value the modelled pH values they are compared with critical limits which are also 
shown in the graphs. The critical limits are critical pH values which reflect – simplifying - 
ecosystem stability regarding buffer capacity, flora and fauna (preservation of bio 
diversity). To set the critical limit for a plot in the first step the lowest pH in 1800 in that 
layer is chosen which is below 10 cm soil depth. In the second step the buffer class defined 
by ULRICH 1985 (Table 3.3.3-1) is selected in which this pH is located. Then the lower 
border of this class is chosen as critical limit. 
Table 3.3.3-1: Buffer systems in soils (ULRICH 1985, adapted) 

buffer system pH class chemical reactions 
carbonate buffer 6.2 – 8.6 leaching  of base cations 

silicate buffer 5.0 – 6.2 extension of cation exchange capacity 
exchange buffer 4.5 – 5.0 reduction of cation exchange capacity 
n [Al(OH)x

(3-x)+] 4.2 – 4.5 reduction of base saturation 
aluminium buffer 3.8 – 4.2 leaching  of aluminium 

aluminium iron buffer 3.2 – 3.8 organic Fe-complexes 
iron buffer < 3.2 Fe3+

 
For the plots Blåbärskullen (Sweden), Altdorf and Freising (Germany) the results are 
elaborated by MARTINSON et al. (2005) and BECKER et al. (2004). They use SAFE for their 
dynamic model applications. For the Spanish plot Lugar Nuevo the VSD model was 
applied based on original Level II data. For all plots the historic depositions derived by 
SCHÖPP et al. (2003) were used. The future deposition based on the Gothenburg protocol, 
EU CAFE program and other international agreements for emission reduction are estimated 
by the International Institute for Applied Systems Analysis (IIASA) using the RAINS 
model.  
 
Lugar Nuevo (26), Spain 
The Level II plot Lugar Nuevo is covered by Quercus ilex. The soil type is a Dystric 
Cambisol which was formed from the parent material Quartzite. The long term precipitation 
is 511 mm a-1 and the mean temperature is 15.4° C. In contrast to central European plots the 
base cation deposition is in relation to sulphur and nitrogen deposition relatively high. This 
is the reason for a (modelled) pH of 6.7 in the year 1800 (Figure 3.3.3-1). From 1950 to 
1998 the pH decreases to 6.0. The emission reductions based on inter alia the Gothenburg 
protocol will increase the pH up to 6.3 after 2030. For keeping the critical limit of pH 6.5 
further emission reductions are necessary. 
 
Altdorf (909) and Freising (919), Germany 
The Bavarian Level II plot Altdorf was planted in 1902 with Pinus sylvestris trees. They 
grow on a Haplic Podzol which is based on pleistocenic sands. The precipitation is 790 mm 
and the mean annual temperature 8.5° C. The depositions of acidifying components are two 
times higher than deposition of base cations. In the past decades this relation was (much) 
higher. 

At the beginning of the modelling period deposition of acidity is equal to base cation 
deposition (Figure 3.3.3-2). In fact of higher uptakes of nitrogen in relation to base cations 
pH values increase in all mineral soil layers. This effect can be observed at poor sites 
regarding base cation weathering rates because pH is influenced mainly by depositions and 
uptakes of tree compartments. After 1812 – in the deeper soil layers after 1840 – pH values 
decrease as a result of an increase of acid deposition and higher base cation uptakes. The 
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clear cut of the former stand in 1901 results in a clear pH peak. After 1988 pH values in all 
soil layers have increased slightly in fact of emission reduction. The measured and 
modelled pH values match well except the measures in 30 cm soil depth. In the soil layers 
of 15 cm to 45 cm soil depth pH is below the critical limit of 3.8. Even if emissions of 
acidifying components will be reduced additionally to the Gothenburg protocol to reach the 
critical limit, the site has lost a lot of its buffer capacity and its ecosystem potential caused 
by acid deposition. 
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Figure 3.3.3-1: pH at Level II plot Lugar Nuevo (26).  
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Figure 3.3.3-2: pH at Level II plot Altdorf (BECKER et al. 2004). 
 
The Level II plot Freising is covered with 65% Fagus sylvatica planted in 1852 and 35% 
Quercus petraea. The soil type is an Eutric Cambisol and the parent material a weathered 
Loam. The precipitation is 880 mm and the mean annual temperature 7.7 °C. 

The relatively high weathering rate of base cations (3 keq ha-1 a-1) results in relatively stable 
pH values over time in the soil layers below 45 cm soil depth (Figure 3.3.3-3). Only the 
upper layers are influenced by acid deposition. Especially the soil layer from 25 cm to 45 
cm soil depth shows a decreasing pH over the whole modelling period. In this layer 
emission reductions based on Gothenburg protocol has no influence on the pH of this layer 
because acid deposition is much higher than buffer ability. In future it could be that the 
acidification of this layer goes down to the next one if buffer capacity is exhausted. The 
measured and modelled pH values match very well. 
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Figure 3.3.3-3: pH at Level II plot Freising (BECKER et al. 2004) 
 
Blåbärskullen, Sweden 

Blåbärskullen is covered with Picea abies, the soil type is a Cambic Arenosol. The long 
term precipitation rate is 1040 mm a-1 and the mean temperature is 4° C. In the first decades 
of the modelling period acid deposition is not much higher than the base cation deposition. 
Because of a good base cation weathering rate (0.96 keq ha-1 a-1) the deposited acidity can 
be buffered in all layers (Figure 3.3.3-4). After 1880 a very slight, and after 1950 a clearly 
decrease of pH values occur as a result of increasing deposition rates of acidity. The 
emission reductions based on the Gothenburg protocol result in more or less higher pH 
values in the soil layers. The recovery is influenced by the effects of a clear cut in 2028, but 
in all relevant soil layers below 10 cm soil depth the critical limit is kept. 
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Figure 3.3.3-4: pH at Level II plot Blåbärskullen (MARTINSON et al. 2005) 
 
The above presented Level II plots except Altdorf may result in the conclusion that the 
potential for recovery in comparison to critical limits for forest sites is relatively good. 
Results of dynamic model application in many countries – some examples are mentioned 
below -show that this is a wrong picture. 

• Bulgaria: The VSD model was applied at 3 Level II plots which are presented in 
HETTELINGH et al. 2004. 

• Germany: In Germany several studies using VSD and SAFE at Level I and Level II 
plots are compiled (e.g. BECKER 2002, BECKER 2003, BECKER 2004, BECKER et al. 
2000, BECKER et al. 2004). The application of SAFE at 84 Level II plots in 
Germany predicts that at more than 90% of the investigated plots the critical limits 
will still be exceeded in 2010 and recovery processes will be very slow. This is in 
line with investigations at Level I plots. 

• Great Britain: Studies using the dynamic models SAFE, VSD and MAGIC were 
made (e.g. EVANS and REYNOLDS 2003, BROADMEADOW 2004). 

• Norway: For Norway a dynamic model application predict that, even with a 
maximum feasible reduction scenario, base saturation levels in soils will not reach 
pre-industrial levels in the next 50 years at any of the sites modelled (LARSSEN et al. 
2004). 

• Poland: At selected Level II sites MILL and SCHLAMA (2002) have applied the 
SAFE model. 

• Sweden: In Sweden many studies using SAFE and the new ForSAFE model at 
Level I and Level II plots have been published (e.g. ALVETEG 1998, ANDERSSON 
2002, MARTINSON et al. 2005, SVERDRUP et al. 2004 and 2005, WALLMAN 2004 and 
WALSE 1998). For 16 forest sites in Sweden a slow recovery of soil chemistry has 
been predicted by the models assuming full implementation of the UNECE LRTAP 
Gothenburg Protocol. In 2100, still 44% of the modelled sites might have soil layers 
with a base cation/aluminium ratio below the presumed critical value of 1. 
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• Switzerland: In Switzerland SAVE and VSD applications at Level I and Level II 
plots have been done. Reports are in preparation. 

 
 
3.3.4 Summary and outlook 
The applications of dynamic models, which are developed with the objective to show the 
effects of acid deposition on soils, all over Europe show that 

• Level I and Level II plots are a good data base for dynamic model application, 
• emission reductions based on Gothenburg protocol, EU CAFÉ program and further 

international agreements result in a more or less recovery of soils, but 
• to reach a soil status regarding long term ecosystem stability for the most forest 

ecosystems further emission reductions are necessary. 

In the next year’s report results of SAFE and VSD application at all European Level II plots 
where the data base is sufficient will be presented to get a more detailed picture of forest 
ecosystem recovery and need of further emission reductions in Europe. To value these 
emission reductions target loads will be calculated. 

In future questions concerning effects of deposition, climate change and forestry measures 
on soil chemistry and bio diversity come to the front. Dynamic models necessary for these 
questions are or will be available this year. Two of them are: 

• BERN: The BERN-model (Bioindication for Ecosystem Regeneration towards 
Natural conditions) allows for the first time to model changes of major plant 
communities as bio indicators as a result of changes of soil parameters. In 
combination with existing process-oriented soil chemical models, prognoses on 
possible changes of ecosystems, the derivation of abatement measures and the 
evaluation of their effectiveness will be possible (SCHLUTOW and HÜBENER 2004). 

• ForSAFE-VEG: The new model ForSAFE-VEG provides simultaneous predictions 
of climate change, soil acidification and eutrophication with vegetation changes and 
effects on forest growth influenced by environmental pollution, climate change and 
landscape changes. ForSAFE is a fully mechanistic nitrogen- and carbon-cycle sub 
model including predictions of forest growth under production management. It also 
comprises a biogeochemistry model based on SAFE. (SVERDRUP et al. 2005, 
WALLMAN 2004). 

First results of these two models at selected Level II plots in Europe will be presented in 
next year’s report. 
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3.4  NITROGEN RETENTION AND RELEASE IN 
EUROPEAN FORESTS: DERIVING INDICATORS 
FROM LARGE DATABASES 

3.4.1 Introduction 
 
Emission of NH3 and NOx by agriculture and fossil fuel combustion results in enhanced 
deposition of reactive nitrogen. In forests, nitrogen deposition over the last ca 50 years has 
lead to increased storage of nitrogen in the organic matter and soil, and ultimately to 
enhanced concentrations of nitrogen in runoff or leachate (DISE et al. 1998a,b). The ICP 
Integrated Monitoring (ICP IM) sites have been crucial in providing a Europe-wide 
assessment of the impact of high nitrogen deposition levels on forests. Information on N 
leaching and storage from these sites, together with other data from the Level II forest plots 
(DE VRIES et al., 2004), and the IFEF (Indicators of Forest Ecosystem Functioning) 
database on published literature from forested plots and catchments (MAC DONALD et al. 
2002) may be used to derive empirical relationships relating N leaching to stand and site 
characteristics. These relationships are used both as simple predictors of N leaching across 
Europe, and for insights into the major processes that control N leaching and soil C 
sequestration in forests. 
 
 
3.4.2 Methods 
 
The IFEF database (DISE et al., 1998a,b, MAC DONALD et al. 2002) contains input-
output budgets and stand/site characteristics from approximately 280 forested plots and 
catchments published in scientific papers over the last decade (Figure 3.4.2-1). IFEF has 
been used to develop pan-European maps and equations describing the major 
environmental correlates to the leaching of nitrogen (DISE and WRIGHT 1995, DISE et al. 
1998a,b, MAC DONALD et al. 2002), aluminium (DISE et al. 2002), magnesium 
(ARMBRUSTER et al. 2002), and basic cations (LANGUSH et al. 2003). Years and 
methods differ, but since the number of sites is very large, significant statistical trends 
usually emerge from this variability. 

 
Figure 3.4.2-1:  Distribution of sites included in the IFEF database. 
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The Level II database (DE VRIES et al. 2004) contains input-output budgets derived for 
121 ICP Forests intensive monitoring plots for the period 1995-1998 (Figure 3.4.2-2). 
Leaching fluxes are calculated by multiplying measured soil solution concentrations with 
simulated water fluxes. Water fluxes are simulated based on daily meteorological data and 
generic soil physical characteristics using a Richards’ model (Van der Salm et al., 2004 and 
Belmans et al., 1983). The Level II database is an improvement over IFEF in that it covers 
similar years and employs standard methods with set quality control checks, but it contains 
fewer sites, a narrower range of variables (e.g. input N, climate), and a more generic water 
flux calculation than the IFEF forests.   
 

In original data set only
In extended data set only
In both data sets

 
 
Figure 3.4.2-2: Distribution of sites included in the Level II database.   
 
Broad quality control checks on both databases consisted of tests on the Cl- balance (if 
available), with the ratio between Cl- input and output required to be between 0.5 and 1.5. 
An additional check was that N leaching should be no more than 10% higher than N in 
throughfall, with sites exceeding this value indicating a disturbance in the N cycle.  
 
 
3.4.3 Results and discussion 
 
As with previous analyses, the relationship between the throughfall input of N (‘Nin’) and the 
leaching of N (‘Nout’) showed a general positive trend, with a large number of sites leaching 
undetectable levels of nitrogen at N input fluxes below around 8 kg N ha  y  (Fig. 3.4.3-1).  
Joining the two databases together also showed that IFEF spanned almost twice the range in N 
deposition as the Level II sites, with more sites at both the low and high ends of the N 
deposition range. There are two reasons for this: 1. The IFEF sites cover a geographically 
larger area than Level II (Fig. 3.4.2-1 and Fig. 3.4.2-2), and 2. flux measurements from the 
Level II sites are all more recent than 1996, when 

-1 -1

substantial reductions in N emission and 
deposition had begun in high-deposition areas such as the Netherlands and Denmark.  
 
The most significant predictor of nitrogen leaching from the joint database is the input flux of 
nitrogen in throughfall, explaining about 50% of the variability in Nout (Fig. 3.4.3-1). The 
relationship between Nout and Nin could be further improved by dividing the sites into 
those with a forest floor that is relatively N- enriched (‘high-N status’) and those that are 
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relatively N-poor (‘low-N status’). A C:N ratio of 22 provided the best discriminant 
(Fig. 3.4.3-2 and Fig. 3.4.3-3). For the high-N status sites (C:N ≤ 22), N  alone is sufficient to 
explain most of the variation in N , and no other variables explained additional variability in 
a regression  model containing N  (Fig. 3.4.3-2).

in

out

in  For the low-N status sites, mean annual 
temperature (MAT) emerges as a second significant predictor variable.   
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Figure 3.4.3-1: N leaching fluxes (kg N ha-1 y-1) against N input in throughfall, IFEF and Level II sites. 
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Figure 3.4.3-2: N leaching fluxes (kg N ha-1 y-1) against N input in throughfall for IFEF forests with C:N < 22 
 
A plot of Nin, Nout, and MAT shows that the relationship with temperature for the low-N status 
sites is actually curvilinear and peaks at MAT 7.5C (Fig. 3.4.3-3). This additional relationship 
with temperature explains to a large degree the variability in nitrogen leaching from low N-
status forests receiving Nin between 10 and 25 kg N ha-1 yr-1.  As the MAT of forests increases 
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from -2C to 7.5C (4C to 7.5C shown in Fig. 3.4.3-3), nitrogen leaching generally increases 
and, within this intermediate range of N deposition, reaches levels as high as 75% of N-input. 
One hypothesis is that nitrogen turnover in relatively cold sites is microbially-dominated, with 
vegetation uptake limited for significant parts of the year. Higher leaching of N as mean 
annual temperature (MAT) increases then reflects enhanced microbial decomposition, 
including N mineralization, discoupled from uptake. (Similar ‘pulses’ of NO3

- and/or NH4
+ in 

leachate are sometimes observed in the autumn in temperate forests.) As MAT further 
increases, N leaching at any given level of N-input and C:N decreases, perhaps due to warmer 
temperatures greatly enhancing the productivity and uptake of trees and ground vegetation.   

 

Nout = 0.69*Nin-1.9(MAT)+6.9
R2=0.71, N=52, P<0.006

 30 
 20 
 10 
 0 
 -10 
 -20 

 
Figure 3.4.3-3: N leaching fluxes (kg N ha-1 y-1) against N input in throughfall and mean annual temperature 

for IFEF forests with C:N > 22. 

 
Analyses on the separate IFEF and Level II database yielded quite similar relationships 
between N leaching and N deposition. To gain insight into the strength and weakness of the 
developed relationships, and to identify sites and regions at risk from enhanced N leaching 
(defined here as ≥5 kg N ha-1 y-1), the Level II relationships were validated on the IFEF 
database. From this validation and the previous analyses we can conclude the following: 
 
• Low nitrogen leaching fluxes are generally overestimated and high ones slightly 

underestimated. This behaviour was also found when comparing the measured and 
predicted fluxes for the dataset upon which the models were developed.  

 
• Sites receiving low N input (≤ 8 kg N ha-1 y-1) are generally well predicted to leach low 

levels of N (most ≤ 3 kg N ha-1 y-1). These sites are strongly N-limited and retain 
essentially all input-N.  For some of these sites, negative leaching fluxes are predicted. 
This is simply a consequence of using a linear relationship that is not truncated at an 
output N flux of zero, and will be remedied in future analyses.  
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• Sites with a low organic horizon C:N ratio (≤ 22) are generally well predicted to leach N 
as a direct proportion of about 0.75 of N input (Fig. 3.4.3-2). These sites are strongly N-
saturated.  

• N leaching from forests with a relatively high organic horizon C:N ratio (>22) and 
receiving intermediate or high N deposition (>8 kg N ha-1 y-1) is generally poorly 
predicted. These sites, about 40% of the IFEF forests, are transitional between N-limited 
and N-saturated. Adding mean annual temperature leads to higher correlation coefficients 
on the calibrations sets, but so far does not lead to better results when applying the model 
to the validation set. Other temperature relationships will be investigated in the future. 
This problem is most dramatic for mid-latitude and Mediterranean sites that receive a 
moderate amount of N input, have an above-average temperature, and relatively high C:N 
ratio. At these sites leaching fluxes may be strongly overestimated.  

 
Attention should be focused in the future on understanding the nitrogen dynamics of forests 
that are not nitrogen saturated and receive moderate to high levels of N deposition. Further 
improvements in the databases, potentially leading to better predictions and more insights into 
processes, can be made by collecting more information on forest floor and soil carbon and 
nitrogen stocks, dissolved organic carbon and dissolved organic nitrogen (DOC/DON ) 
leaching, local climate, and vegetation. 
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3.5 OZONE EXPOSURE AND OZONE INDUCED SYMPTOMS AT 
INTENSIVE MONITORING PLOTS - RESULTS FROM THE 
TEST PHASE 

3.5.1 Introduction 
 
Background 
Ozone measurements suggest that surface ozone concentrations at mid- to high latitudes 
have more than doubled during the past century (MARENCO et al, 1994; SANDRONI et 
al. 1994). Elevated levels are found in urban areas, but also in rural and remote 
mountainous regions due to the transport of ozone and its precursors. During the spring and 
summer, in nearly all regions of Europe ozone concentrations are high enough to be of 
potential risk to sensitive plants. The value that is recognized as an accepted standard for 
the protection of forest trees from adverse ozone effects (Directive 2002/3/EC) is frequently 
and repeatedly exceeded in many areas of Europe, especially in the Mediterranean (SANZ 
et al. 1999). 
 
Surveys in southern Switzerland have recorded ozone-like symptoms on numerous native 
tree, shrub, and forb species (INNES et al., 1996; SKELLY et al., 1998; INNES et al., 
2001; VAN DER HEYDEN et al., 2001; NOVAK et al., 2003; 2005). However, little 
information is available on the effects of ozone on the multitude of native plant species 
throughout Europe (ASHMORE & DAVISON, 1996) but there is sufficient evidence 
strongly suggesting that ozone occurs at concentrations causing visible foliar injury to 
sensitive plants (see also UNECE-CLRTAP, 1999). 
 
The lack of ozone data was a serious limitation for the EU Intensive Monitoring (Level II) 
database, since much of the ozone data at European level comes from monitoring devices 
located in urban/sub-urban areas e.g. DE LEEUW et al., 2001). Therefore, a comprehensive 
dataset from forest sites will provide a considerable input for a better understanding of 
ozone levels in remote areas. Besides the obvious connections with the potential effects on 
forests, especially ozone data are also relevant in relation to other issues which were 
subjected to important political agreement such as the changes of tropospheric chemistry 
and regional ozone formation (see e.g. the CLRTAP multi-pollutant, multi-effect directive; 
the UN Biodiversity Convention; the EU Habitat Directive; the EU acidification strategy, 
the UN/ECE CLRTAP, the EU Air Quality directive; DE VRIES, 2000).  
 
Therefore, the 15th Task Force Meeting of ICP-Forests in Vilnius, Lithuania 1999 gave the 
mandate to the Extra Panel of Deposition to establish the Working Group of Ambient Air 
Quality in order to elucidate possibilities of monitoring air pollution concentrations at Level 
II sites by passive sampling, thus filling a gap of urgently needed information on air 
concentration of ozone and other major pollutants such as sulfur dioxide and nitrogen 
compounds at remote forest sites. Secondly, the mandate included the elaboration of a 
manual on the assessment of ozone induced injury on main tree species as well as other 
vegetation species at Level II plots rendering information on the occurrence of ozone injury 
and identifying ozone sensitive species functioning as indicators. At the 16th Task Force 
Meeting in Gent, Belgium 2000 the Submanuals on ozone injury assessment and air quality 
measurements by passive sampling were adopted and the 17th Task Force Meeting in Ennis, 
Ireland 2001 agreed on a test phase of ozone injury assessment for 1 year. Results from this 
test phase were reported in the Technical Report 2003 and the 19th Task Force Meeting 
2003 in Zagreb, Croatia agreed to extend the test phase until 2005. Experiences made 
during that year with the assessment of ozone injury on Main Tree Species (MTS) and 
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Ground Vegetation (GV) became the basis of a revision of the Submanual of ozone injury 
assessment, which was adopted at the 20th Task Force Meeting 2004 in Växjö, Sweden. 
 

Aims of the WG on Ambient Air Quality 

The WG on Air Quality within the Expert Panel of Deposition aims to improve the 
knowledge of air concentration of various pollutants and effects associated with such an 
impact across forested areas in Europe. This is done by using the tools of passive sampling 
and visible injury assessment on MTS and GV on Intensive Monitoring Plots (IMP) within 
the network of ICP-Forests, i.e. Level II plots. Ozone injury of GV is assessed at so called 
Light Exposed Sampling Sites (LESS), established in the vicinity of Level II plots. 
 
In order to meet concerns with respect to the heterogeneity of European vegetation, the 
working group established from the beginning of 2000 three validation centres (CEAM, 
Valencia, Spain, for Southern Europe; WSL, Birmensdorf, Switzerland for Central Europe; 
Univ. Copenhagen/METLA, Denmark, Finland for Northern Europe) in order to support 
countries with special interest in ozone-induced injury identification. At CEAM, the WG 
established a helpdesk, i.e. a telephone service and a web page (www.gva.es/ceam/ICP-
forests) where all relevant information, including an extensive photo documentation of 
validated ozone-induced symptoms is collected and documented. Under 
www.ozone.wsl.ch, the WSL developed an online data base for ozone-induced symptoms 
which can be searched by over 80 species, geographic locations, symptom and plant forms, 
etc. The WSL developed microscopical methods to discriminate between ozone induced 
injury symptoms and other causes (see www.gva.es/ceam/ICP-forests) and provided the 
Lattecaldo Open Top Chamber (OTC) research and training facility for several 
Intercalibration courses, in collaboration with the Italian colleagues (see 
http://www.wsl.ch/ozone/ICP-Forests.ehtml) (Bussotti et al., 2003; 2005). Key objective of 
the WG was, to build up the expertise in the respective countries to identify ozone 
symptoms in order to increase the amount of confirmed and validated data regarding the 
occurrence of species specific, ozone-induced injury. For this purpose the WG organized, 
together with the countries Spain, France, Italy and Switzerland, four intercalbration 
courses with various training and intercalibration exercises (see also 
www.gva.es/ceam/ICP-forests for further information) developing simple but effective 
tools also for the discrimination of other causes. The information from the LESS on plant 
species showing ozone injury is collected and documented in an ozone sensitivity list which 
is published on the web page of CEAM, Spain (www.gva.es/ceam/ICP-forests).  
 
The following report will highlight the results from the test phase 2001-2004 and focus on 
future possibilities to produce reliable information on both, the air concentration at remote 
forest sites and visible ozone-induced injury on selected plant indicators (MTS and GV) 
using methods according to the Submanual. 
 
3.5.2 Materials and Methods 

Assessment of ambient air pollutant concentration by passive sampling 
State of the art: Passive samplers are being used for ozone monitoring in all countries that 
participated in the pilot phase and its extension. Other pollutants were also monitored in 
countries such as Spain and Germany (Box 3.5.2.1) which demonstrated that passive 
sampling is a useful technique for pollutants such as NH3 as well. For validation purposes, 
passive samplers were collocated at continuous monitoring stations in certain countries to 
elucidate how these data sets compare with data from continuous monitoring sites 

http://www.gva.es/ceam/ICP-forest
http://www.gva.es/ceam/ICP-forest
http://www.ozone.wsl.ch/
http://www.gva.es/ceam/ICP-forest
http://www.wsl.ch/ozone/ICP-Forests.ehtml)(Bussotti
http://www.gva.es/ceam/ICP-forest
http://www.gva.es/ceam/ICP-forests
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according to the EU Daughter Directive`s reference method (COM 1999, 125) and/or with 
an instrument run at an EMEP site in accordance with the EMEP Manual (EMEP/CCC/ 
Report 1/15, NILU, Norway). This information is particularly important for QA/QC as well 
as for extending the data base for the further modeling of ozone concentrations across 
Europe (e.g. EMEP). Ambient air quality monitoring by passive sampling was done in 
accordance with the Submanual which is based on the CEN document 264 (CEN, 2001; 
table 3.5.2-1). Few countries such as Denmark, reported only continuous monitoring data in 
combination with ozone-like symptoms.  
 
Table 3.5.2-1: Framework of recommendations for passive samplers according to the Submanual. 

[Source: Sanz, Calatayud & Sanchez (2004) in: Ferretti, Sanz & Schaub (2004)]. 

 
 
Passive sampling periods varied among countries form 1 week (Italy) to 4 weeks 
(Germany). All countries measured ozone concentrations for the vegetation period from 
April to September and countries such as Spain for the complete year. Different sampler 
types and methods were used by different countries. The main characteristics are 
summarized in table 3.5.2-2. 
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Table 3.5.2-2.: Passive sampler types used during the test phase and their main characteristics.  

Type of Passive sampler User Description 

Gradko International Ltd.  
 

UK The nitrite is oxidized to nitrate and after the exposure the filters 
are analyzed for total nitrate concentration with a ionic 
chromatograph. 

IVL (Institutet för Vatten- och 
Luftvådsforskning) 

France, Germany; Greece According to IVL  

Ogawa and Co., Inc. passive O3 
 

Spain Chemisorption occurs at two nitrite-coated filters. In the 
presence of ozone, the nitrite is oxidized to nitrate and after the 
exposure the filters are analyzed for total nitrate concentration 
with a ionic chromatograph. 

Passam ag 
 

Switzerland, Italy 
 

Chemisorption of O3 by reaction with 1,2-di(4-pyridyl)-ethylene 
(DPE); the ozonide formed undergoes a cleavage and yields an 
aldehyde. The amount of aldehyde is finally determined 
spectrophotometrically by the MBTH method at 442 nm. 

 
There was a rather good agreement between the data sets gained by continuous monitoring 
and by passive sampling (DE VRIES et al., 2003; FERRETTI et al., 2004) demonstrating 
the suitability of the passive sampling technique which has the further advantage of being 
rather price worthy in comparison to continuous monitoring stations. Measurements are 
also in accordance with the Directive 2002/3/EC where zones of similar pollutant levels 
have to be discriminated within countries considering passive sampling as an indicative 
measure to fulfill the data quality objectives of the directive and to complement the results 
of the air quality assessments (participating countries should compare maps showing 
concentration distributions in each discriminated zone). As pointed out in table 3.5.2-2, 
countries use different types of passive samplers. Therefore it is strongly recommended to 
make cross calibrations with data sets from continuous monitoring sites within and between 
countries for reasons of quality assurance.  
 
 
Table 3.5.2-3: Number of plots per country with passive samplers considered in this report. Only plots with 

passive sampler measurements having more than a 50% time cover of the period April-
September were considered.  

Country  
 2002 2003 

France 27 - 
Germany 40 35 
Greece 3 3 
Italy 26 25 
Luxembourg 2 - 
Spain 12 13 
Switzerland 16 16 
UK 13 9 

Total 139 101 
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Figure 3.5.2-1: Ozone concentration expressed as one week, two weeks and 4 weeks average for one location 
in Italy (LOM1, Moggio). Sampling period for the site is 1 week by passive sampling.  
Note: Averages are assigned to the last day of the averaging period in the graph.  

 
With respect to the sampling period 1 week intervals render the most information especially 
where frequent ozone episodes occur, and 1 week sampling should also be applied in areas 
with high ozone levels. Although 1 week periods are most suitable for deriving the AOT40 
index as well as to further develop the hourly averages series for flux calculations, such 
exposure intervals are rather expensive to gain additional information. However, 4 week 
exposures such as applied in Germany, give only a very limited time resolution with respect 
to peek ozone episodes. Data from 14 day passive sampling periods as collected in Spain, 
Switzerland and France, however, are still short enough to show pronounced ozone 
episodes and to produce differences not exceeding differences of 15% between measured 
and estimated AOT40 values (GEROSA et al., 2004) and thus are still acceptable in most 
of the cases. In figure 1, data from one week with aggregated two and four week passive 
sampling periods are given for 2003 (01.04.-30.09.2003) for the Italian station LOM 1. It 
becomes apparent that aggregation smoothes the episodes with increasing exposure time to 
such an extent that major information on episodes and therefore also effects on humans, 
vegetation etc. becomes lost. Therefore, a two week sampling period can be recommended 
as European reference which still matches the demand for cost affectivity; however, 
countries should consider one week sampling periods for the future again which can be 
aggregated to the recommended reference period across Europe.  
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Box 3.5.2.1. Example: NH3 14 days mean concentrations on Spanish Level II plots for 2002-03 

 
Measurements were carried out for the complete year with 14 day exposure periods at the same Level II plots 
where ozone was measured in Spain and for 1 month exposure periods in Germany for 2002 and 2003. Data 
for 2002-2003 are shown. The lower ammonia concentrations appeared in winter, whereas maximum 
concentrations appear in spring and summer. Among years, in 2003 concentrations for most of the plots are 
higher than previous year due to the heat wave experienced in Europe during that year.  
 
A - Spain 

NH3 Level II Plots -Spain (2002-2003)
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B - Germany 

NH3 Level II Plots - Germany (2002-2003)
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Ammonia 14 day means for 2002 and 2003 Level II plots in Spain (A) and 1 month means in one of the 
German Landers (B). 
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Assessment of visible injury  
For the overall test phase of 2001-2003, six countries reported data on visible injury. Data 
were checked for consistency and dubious cases in discussion with the respective countries. 
Not all countries conducted the assessment over the 3 year test phase (Table 3.5.2-4). 
Furthermore, in cases when assessments were done for several consecutive years, different 
plots were assessed for different years. Thus, only 2, 9, and 15 plots were assessed in Italy, 
Spain, and Switzerland respectively for the entire three years.  
 

Box 3.5.2.2. Validation of visible injury, some tools developed for countries to use. 
The Fagus sylvatica example. 

 
Pictures from: m.o, from Hartmann, F. sylvatica leaf by Schaub. 

 
 

Determination of ozone injury on beech leaves. Ozone damage reveals itself as an upper surface leaf bronzing 
between the veins, in particular for sun exposed parts (see photo of Fagus sylvatica), which can be recognized in the 
field without using any sophisticated, technical equipment. When symptoms are not clear, they can be verified by 
the use of a simple microscopical method. In cases were only epidermal cells are affected, damage is not caused by 
ozone (type A, brown structures at the yellow lines). The brown and dark colored palisade cells however are 
symptoms of ozone damage (type B).  
More detailed microscopical evaluations can be found at www.wsl.ch/forest/wus/bioindic/Valicewww-
de/fValicewww.htm  

http://www.wsl.ch/forest/wus/bioindic/Valicewww-de/fValicewww.htm
http://www.wsl.ch/forest/wus/bioindic/Valicewww-de/fValicewww.htm
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In order to present longer data series some references and data for 2001 reported in DE 
VRIES et al. (2003) are included.  
 
 
Table 3.5.2-4:  Number of MTS and LESS assessed in 2001, 2002 and 2003 for all countries that 

submitted data.  

  Plots assessed  
 2001 2002 2003 

Country MTS LESS MTS LESS MTS LESS 
Austria 1 1 - - - - 
France 10 10 9 10 - - 
Germany 30 16 - - - - 
Greece 4 4 - - - - 
Hungary - - - 9  9 
Italy 8 8 - 7 2 5 
Slovak Republic 3 3 - - -  
Spain 4 10 - 10 4 10 
Switzerland 9 15 - 16 8 15 
UK 3 0 - - 10 10 

 
 
 
3.5.3 Results 
 
Results from Passive Sampling 
For a European overview, sampling periods per site and country were aggregated to 6 
months means representing the vegetation period from April to September and are given in 
Figure 3.5.3-1 for the years of 2002 and 2003. Eight countries reported ozone 
concentrations for 2002 and only six repeated the exercise in 2003. 
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Figure 3.5.3-1: Mean ozone concentrations measured from April to September 2002 (a) and 2003 (b).  

Only plots with >50% of the days between April to September periods are represented. 

 
While the concentrations at most of the stations in the UK ranged from 30 to 45 ppb, 
showing no distinct geographical distribution, concentrations in Germany increased from 
North to South and towards high elevation areas. France and Spain showed a similar 
distribution pattern in 2002 and time weighted seasonal average concentration rarely 
exceeded 45 ppb, except for one plot in Spain. However, in Switzerland and Italy about 
30% of the plots ranged from 45 to 60 ppb in 2002 (Figure 3.5.3-1a). Figure 3.5.3-1b shows 
the seasonal time weighted average ozone concentrations at the Level II sites for 2003. In 
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2003, some countries could not join the program for various reasons. However, it became 
apparent that most stations except for the UK and Spain shifted up by one class where 
highest ozone concentrations were measured in northern Italy with time weighted average 
seasonal concentrations of 60-75 ppb. 
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Figure 3.5.3-2: Frequencies of plots per class of 6 month mean ozone concentrations (April-September) for 

the years of 2002 and 2003. Only countries that performed the measurements during both 
years are included (Italy, Germany, Spain, Switzerland, UK, Greece). 

 
The distinct shift to higher pollution classes between the years of 2002 and 2003 is given in 
Figure 3.5.3-2. Although the year 2003 was exceptional for central Europe concerning 
meteorology and ozone concentrations, 48 to 63% of all the Level II plots equipped with 
passive sampler devices showed concentrations ranging in the second class of 30 to 45 ppb 
during both years. Only some regions show a different distribution pattern, namely in Italy 
and southern Switzerland where shifts to higher classes were more pronounced.  
 
Comparing the 14-day ozone concentrations of all Level II plots for the years of 2002 and 
2003 by regression analysis, 2003 values are 13% higher than in 2002 (Figure 3.5.3-3).  
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Figure 3.5.3-3: Linear regression of ozone concentration means for years 2002 and 2003 for all common 
plots (ppb) (April-September). 
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Figures 3.5.3-4a and 3.5.3-4b show the regression analyses for ozone concentrations (ppb) 
of Level II plots versus latitude and altitude respectively for the years 2002 and 2003. As 
also shown in FERRETTI, SANZ & SCHAUB (2004) for France, Italy and Spain ozone 
concentrations decreased with ascending latitude and increased with increasing altitude 
gradients which is still apparent when central and northern countries are included (UK, 
Germany). The years of 2002 and 2003 showed very similar overall patterns with higher 
concentrations in 2003. Some discrepancy can be observed between 45° and 50° of latitude 
in Figure 3.5.3-4b for the year 2002 and become even more pronounced in 2003. These 
values correspond to the regions of the Italian Po Valley and the Swiss Canton Ticino and 
may represent favorable conditions for ozone formation driven by topography and regional 
climate. Figure 5 also shows that gradients in latitude and altitude may vary from year to 
year. In this example, the correlation coefficient was lower in 2003. A possible explanation 
can be seen in the increase of ozone concentrations due to the hot climatic conditions, also 
leading to a higher variability of the ozone concentrations measured.  
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Figure 3.5.3-4: Regression analysis for ozone concentrations (ppb) of Level II plots versus latitude (a) and 
(b) altitude respectively for the years 2002 and 2003. 
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In Box 3.5.3.1., the expected daily ozone cycles for different locations across the transport 
path of an aged air mass towards high mountain ranges or valleys are presented. This type 
of cycles that are described for the east coast of Spain (MILLAN et al., 2000) can be 
expected in most of the areas with such a complex topography in Europe, whereas the 
region of the northern Po Valley and the southern slopes of the Alps can be considered as 
an extreme example. 
 
 

Box 3.5.3.1: Daily Ozone cycles 
 
If aged polluted air masses are transported at high altitudes, ozone concentrations show no diurnal patterns 
during the summer measurement period (Figure 3.5.3.1c); in urban areas or flat rural areas (Figure 
3.5.3.1a) however, a distinct diurnal pattern is found and hence the dose (time x concentration) is 
generally much higher in the mountainous areas than in regions with an urban climate. Along the transport 
path intermediate cycles can be found as well (Figure 3.5.3.1b). 
 

                    (a)                                            (b)                                          (c) 
 

Figure 3.5.3.1: Diurnal normalized patterns of hourly ozone concentrations [ppb] for mountain stations 
(a), rural mid altitude (b), and suburban low altitude (c). [Source: Millán et al., 2000]. 
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Figure 3.5.3-5: Values of maximum 4-week ozone concentrations measured from (a) April to September 

2002 and (b) April to September 2003. Only plots with >50% time cover of the period 
April-September are considered. 

 
The maps in figure 3.5.3-5 represent the maximum ozone concentrations measured during 
successive 4-week exposure periods (April to September). While the length of exposure 
period of the passive sampling devices should in principle not affect the average values for 
a 6 month measurement period, the time of exposure will have an effect on the maximum 
values measured during this very period as short high-ozone episodes (peaks) – which are 
important with respect to possible effects and hence risk - will not be reflected adequately 
during a 4-week exposure period (see also Figure 3.5.2-1). To produce a plot comparable 
picture in figure 6, successive four 1-week measurements have been aggregated to a 
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monthly mean. For countries with 2-week exposure periods, 2 periods have been 
aggregated to a 4-weeks periods. 
 
A quite different situation can be observed between the years of 2002 and 2003 as shown 
by the 6-month average concentrations. In 2003, four plots reached class 5 (75-90 ppb) in 
Italy and 11 plots reached class 4 (60-75 ppb), while in 2002, the number for plots 
belonging to those classes was 0 and 3 respectively. In Germany, the number of plots with 
an appropriate cover (>50%) of the period April-September varied in the two years 
considered, but two common plots during these years reached class 4 in 2003 and 12 plots 
belonged to class 3 (46-60 ppb) in contrast with only 5 plots in 2002. The observed shift to 
higher classes mostly occurred in the south of Germany.  
 
In the present report, there is no attempt to calculate the AOT40 from passive sampling data 
but GEROSA et al (2004) calculated it for the years 2000, 2001 and 2002 for France, Italy, 
Spain and Switzerland. In general, the validation of the model estimates against the co-
located samplers with continuous monitors showed a good agreement.  
 
 
Results from the assessment of ozone-visible injury 

MTS 2002 and 2003: 
In 2002, only France carried out surveys of ozone injury for the dominant species (MTS) 
and symptoms were observed in Pinus pinaster and P. sylvestris. Whereas in 2003, Italy, 
Spain, Switzerland and the UK conducted surveys in MTS plots and Fagus sylvatica was 
symptomatic in 5 out of 6 plots in Switzerland, in one plot in Spain and in one of the 
samples examined from one Italian plot. Pinus halepensis showed a few symptoms also in 
Spain.  
 
LESS 2002 and 2003: 
Across Europe, 108 different plant species have been reported as being symptomatic by the 
different countries for 2001, 2002 and 2003. Only samples validated have been considered 
in the list, except for the samples originating from Hungary, where part of the species could 
not be validated; some of these species may require further investigations and therefore at 
present should be regarded as symptomatic with certain reservations. Also, Salix caprea 
assessed in the UK merits further analysis while the samples of Viburnum lantana were 
confirmed by microscopical analysis and OTC studies in Lattecaldo, already in VAN DER 
HEYDEN 2001. Annual herbs have been excluded since they have not been reported 
systematically by all the participating countries and a few subspecies have been considered 
separately since ozone sensitivity among the different subspecies may differ. From these 
108 plants, 35 were trees, 27 shrubs and 46 were perennial herbs (Table 3.5.3-1).  
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Figure 3.5.3-6: Overall number of symptomatic species per country and year for 2001, 2002 and 2003. All 

plots are included. Absent data indicate that no survey was conducted at a LESS for the 
respective year. 

 
Across countries (Figure 3.5.3-6), Switzerland was the country where more symptomatic 
species were found with a declining trend from 2001 to 2003. Followed by Hungary and 
Italy, both countries showed an increasing trend. The UK reported injured species only in 
2003. For Spain, although the number of injured species was generally low, symptoms were 
more apparent in 2002, probably due to the fact that the climatic conditions were more 
humid, combined with similar ozone concentration patterns as for 2003. The given numbers 
have to be considered with caution as number and location of the plots were not the same 
across years for Italy. 
 
When individual species are considered, Fagus sylvatica was reported symptomatic for 
most plots (13 in 2001, 8 in 2002, and 6 in 2003)). Another widely reported symptomatic 
species is Fraxinus excelsior (8 plots in 2001, 8 in 2002, and 5 in 2003) in which ozone 
symptoms are very conspicuous and the species is recognized to be very sensitive to ozone.  
 
Ozone-like injury has been observed on several plots for Rubus species. Since Rubus spp. is 
a widespread genus and common in Europe, these species are frequently included in the 
LESS surveys. However, ozone symptoms on Rubus have to be interpreted with great 
caution as the reddening of the leaves also occurs naturally in the field and it was decided to 
exclude Rubus spp from the sepecies list. Similar caution has to be paid with species of the 
genus Cornus. Acer pseudoplatanus, Viburnum lantana, Carpinus betulus and Corylus 
avellana should be mentioned as species showing typical ozone-induced injury across 
Europe. Picea abies, Pinus halepensis and P. sylvestris also showed chlorotic mottling in 
the needles for some years.  
 
For the three years considered, a similar total number of symptomatic species was detected 
(55 to 57). However, due to the different number of countries conducting injury surveys 
and the different number of plots from year to year make any meaningful comparisons 
difficult. Switzerland is the country showing the highest number of symptomatic plants: 42 
in 2001, 24 in 2002 and 19 in 2003. While in 2001, most of these species were trees (24 
species), in 2002 the number of symptomatic trees decreased to 8 in 2002 and to 10 in 
2003. Shrubs were the second most abundant group of symptomatic plants and a lower 
number of symptomatic perennial herbs have been recorded. Observation of symptoms in 
herbs is more problematic than in trees or shrubs since phenological processes become 
more relevant for establishing the most appropriate moment of injury observation. Italy and 
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France as well as Hungary also showed in 2003 a considerable number of symptomatic 
species. In the case of Italy, one of the plots is characterized by a rather high number of 11 
symptomatic species in 2002 and 12 in 2003. In France and Hungary, symptomatic species 
are more spread among the different plots. In the other countries, ozone injury is restricted 
to a few plots and species as it is also the case for the UK with two symptomatic species or 
Spain, with 3. In Spain, it is important to notice that the IMP is too far from ideal LESS 
plots. 
 
Table 3.5.3-1: List of symptomatic species observed in the LESS, in years 2001, 2002, 2003. Numbers 
indicate the number of plots in which a given species has been reported symptomatic for the different years 
and countries. 
 
TREES       
Scientific name 2001 2002 2003 
Acer campestre 1   
Acer pseudoplatanus 2 3 3 
Ailanthus altissima  2 2 
Alnus glutinosa 3   
Alnus incana 2 1 1 
Alnus viridis 1   
Betula pendula 1   
Carpinus betulus 4 3 1 
Castanea sativa   1 
Corylus avellana 3 4 4 
Fagus sylvatica 13 8 12 
Frangula alnus 1 1 1 
Fraxinus excelsior 8 8 5 
Fraxinus pennsylvanica   1 
Picea abies 4 1  
Pinus halepensis 1 1 1 
Pinus sylvestris 1   
Populus alba  1 1 
Populus tremula 2   
Prunus avium 1  1 
Prunus mahaleb   1 
Prunus spinosa 3 1 1 
Pyrus pyraster   1 
Quercus ilex  1  
Quercus robur  1 1 
Robinia pseudoacacia 1 2 1 
Salix alba 1  1 
Salix aurita  1  
Salix caprea 2  4 
Salix spp. 1   
Salix viminalis  1  
Sorbus aria 2   
Sorbus aucuparia 2 1  
Sorbus mougeotti 1   
Ulmus procera     1 
Total no. of trees 24 18 21  

SHRUBS       
Scientific name 2001 2002 2003 
Bignonia sp.  1  
Cornus sanguinea 3 3 2 
Crataegus laevigata 1  1 
Crataegus monogyna 4 1 2 
Crataegus oxycantha 1 1  
Euonymus europaeus 1 1  
Laburnum alpinum  1 1 
Ligustrum vulgare  1 1 
Lonicera nigra 1   
Lonicera periclymenum  1  
Lonicera xylosteum 4 3  
Rhamnus catharticus  1  
Ribes uva-crispa  2  
Rosa canina 3 1  
Rosa sp. 1   
Rubus fruticosus 6   
Rubus fruticosus hirtus  3 4 
Rubus idaeus 5 2 2 
Rubus spp. 1 2 3 
Sambucus ebulus  1 1 
Sambucus nigra 1  1 
Sambucus racemosa 1   
Sorbus chamaemespilus 1   
Vaccinium myrtillus 1  1 
Viburnum lantana 2 2 5 
Viburnum opulus 2 1 1 
Vitis vinifera   1 1 
Total no. of shrubs 18 19 14  
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PERENNIAL HERBS       

Scientific name 2001 2002 2003 
Ajuga reptans   1 
Aquilegia vulgaris 2   
Artemisia campestris 1   
Asclepias syriaca   1 
Astrantia major 1 1 1 
Carlina acaulis    1 
Centaurea jacea  1 1 
Centaurea montana  1  
Centaurea nigra 1 1  
Circaea lutetiana  1  
Cirsium helenoides 1   
Clematis vitalba   1 
Cotoneaster tomentosa  1  
Cyclamen purpurascens   1 
Epilobium hirsutum   1 
Euphorbia dulcis   1 
Filipendula ulmaria  1  
Gentiana asclepiadea   1 
Geranium nodosum  1  
Geranium sylvaticum   1 
Globularia nudicaulis   1 
Helleborus niger 1   
Heracleum sphondylium  1  
Heracleum sphondylium 
juranum 1   
Impatiens parviflora 1   
Lamium album  1  
Lamium spp. 1   
Lathyrus vernus  1  
Limonium gmelini  1 1 
Mycelis muralis  1  
Oenothera biennis 1   
Petasites alba   1 
Plantago lanceolata 2   
Plantago major 1 1  
Rubia peregrina   1 
Rumex acetosella   1 
Saponaria officinalis   1 
Senecio nemorensis 1   
Senecio ovatus 1   
Solidago canadensis  1 1 
Solidago gigantea   1 
Spiraea ulmaria 1   
Stachys recta   1 
Symphoricarpos sp.  1  
Trifolium pratense  1  
Veronica urticifolia   1   
Total no. of perennial 
herbs 15 18 20 
     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 2001 2002 2003

Total no. of trees 24 18 21 

Total no. of shrubs 18 19 14 

Total no. of perennial herbs 15 18 20 

Total no. of species 57 55 55  
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The number of symptomatic species per biotype are compared for the years 2002 and 2003 
(Figure 3.5.3-7). Focus is given to the years 2002 and 2003 since data from 2001 were 
analyzed in De Vries et al. (2003). If we restrict the analysis to countries that did the survey 
for both years (Italy, Spain and Switzerland) and reported also ozone concentrations, it can 
be observed that, although the year 2003 had much higher ozone concentrations specially in 
Italy and Switzerland, the number of symptomatic species did not increase except in Italy, 
where the perennial herbs are more affected. However, the results have to be taken with 
caution since in Italy plots for 2002 and 2003 do not fully coincide, whereas in Spain and 
Switzerland they are the same. For future surveys, it is highly recommended to re-assess at 
least the same plots as in previous years. 
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Figure 3.5.3-7: Number of symptomatic species per biotype (perennial herbs, shrubs and trees) for the 3 
countries that completed the survey for the years 2002 and 2003 and which provided ozone 
concentration measurements. 

 
Average number of symptomatic species per plot in the 26 common plots to 2002 and 2003 
were ozone measurements were carried out (3 plots from Italy, 9 from Spain and 14 
Switzerland) is represented in Figure 3.5.3-8,. both considering the average values from 
April to September in 2002 and 2003, and the maximum 2-week values reached for the 
same period. It can be seen that with increasing classes of ozone (classes 1-2: <45 ppb; 
classes 3-4: ≥60 and <75, classes 5-6: ≥ 75), the average number of symptomatic species 
increased for both years. 
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Figure 3.5.3-8: Average number of symptomatic species per plot in common plots to 2002 and 2003 where 

ozone measurements were carried out (countries: Italy, Spain, and Switzerland). The left 
graph is based in the average April-September classes reached in these plots, whereas the in 
the right graph calculations are based in the maximum 2-week values measured in this period. 

 
 

It may be concluded that temperate plots located in humid areas such as the Italian Po Plane 
and the Swiss Canton Ticino showed the highest number of symptomatic species. Ozone 
symptom expression, however, is not very pronounced probably due to local climatic 
conditions adaptations of the existing plant communities in countries like Spain or Greece, 
although ozone concentrations are high in some Level II plots, (Figure 3.5.3-8).  
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Box 3.5.3.2: Visible injury: Illustrative examples 

Pinus halepensis

Sambucus ebulus

Fraxinus excelsior

Ulmus glabra

Vivurnum lantanaAcer campestre

Pinus halepensis

Sambucus ebulus

Fraxinus excelsior

Ulmus glabra

Vivurnum lantanaAcer campestre
 

   Pictures from: Sanz & Calatayud. 
 

More samples of typical ozone-induced symptoms can be found at: www.gva.es/ceam/ICP-forests and 
www.ozone.wsl.ch  
 

 
 
 
 
 

http://www.gva.es/ceam/ICP-forests
http://www.ozone.wsl.ch/
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Possibilities of risk assessment 
The assessment of ozone concentrations at remote forest sites in combination with the 
assessment of ozone-induced symptoms should result in an estimate of ozone risk for 
European forest ecosystems within the framework of the ICP-Forests Task Force Mapping 
and Modeling. However, it is recognized that ozone injury expression on leaves/needles has 
to be considered only as an indicator for a possible risk since injury is not only driven by 
the ozone concentration alone, but very much influenced by various internal and external 
growth factors influencing stomatal uptake and possible defense and detoxification 
mechanisms. As indicated by the fact that significantly higher ozone concentrations in 2003 
did not necessarily result in more frequently occurring ozone-induced visible symptoms. To 
better explain this phenomenon, the WG proposes the assessment of both parameters in 
parallel at as many Level II sites over Europe as possible for a time period of 3 to 5 years 
and analyze these data together with other data from Level II sites by factor analysis for an 
overall dose response relationship allowing a calibrated risk assessment. 
 
However, at the moment, the data set of the test phase is still not robust enough to derive a 
transparent and biologically relevant dose-response relationship. Therefore, at the moment, 
risk evaluations can only be conducted with the available models such as the purely ozone 
concentration based AOT40 statistics, as indicated in the Mapping Manual 2004 
(www.icpmapping.org). However, the Mapping Manual 2004 indicates altogether three 
possible approaches for risk assessment: AOT40, Flux and MPOC of which the flux 
approach is anticipated to be the future method for the mapping of ozone Critical Levels.   
 
The examples given are therefore restricted to the AOT40 approach, the modified AOT40 
left ajar to several discussions at UNECE Workshops on ozone critical levels and the 
MPOC approach (VDI Guideline 2310, part 6, 2002). Ozone concentration data from 2 
sites were analyzed for the years 2002 and 2003 correspondingly. The requirements for the 
selection of the 2 sites were availability of hourly ozone concentrations (complete data set 
April – September) as well as high ozone concentrations. Therefore data were selected from 
the stations BOL 1, in Italy and Lattecaldo in Switzerland. The flux approach discussed in 
Gothenburg 2003 (KARLSSON et al., 2003) as a new mapping procedure is, however at 
this point, not considered since the required data for the indicated model calculations were 
neither available for the two sites nor for most of the Level II sites, although some attempts 
were being undertaken for few plots (e.g. SCHAUB et al., 2004).  
 
Figure 3.5.3-9 A shows the AOT 40 calculations. The 2 years differ significantly and 
AOT40 values in 2002 are roughly half of those in 2003. The critical levels for forest 
species of 10 ppm.h (FÜHRER and ACHERMANN, 1999) calculated for daylight hours 
during a 6 month period commencing 1 April is exceeded 2 to 3 times in 2002 and about 5 
times in the year 2003 at both locations. The modified AOT40 values (grey bars) are about 
13% higher compared to the corresponding AOT40. The modified AOT40 value allows for 
the fact that the ambient ozone concentrations generally increase with elevation above sea 
level and height above the ground. Since ozone measurements are generally executed in 2-3 
m above ground, higher concentrations within or above the canopy at a height of 20 to 40 m 
above ground are usually underestimated. If these values are considered, the exceedances 
are up to 7 times for both stations in 2003. In 2003, the Workshop Ozone Critical Levels II 
(KARLSSON et al., 2003, see also UNECE Mapping Manual chapter 3.5.6) discussed to 
lower the AOT40 value to 5 ppm.h under certain conditions applying namely for the Nordic 
countries. However, if such a CL would be considered, the exceedances were doubled. 
Similar results are given by GEROSA et al. (2004); they calculated the AOT40 average for 
2000-2002 values for 58 European ICP-Forests Level II stations on the basis of passive 

http://www.icpmapping.org/
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sampling results. They found that 69% and 95.8% of the stations exceeded the 10 ppm.h 
AOT40 CL and the 5 ppm.h AOT40 CL respectively.   
 
In line with the EU-Directive 2002/3/EG dated 12.02.2002, negative effects on the 
vegetation, ecosystems and the environment should be avoided as far as possible; the 
AOT40 threshold as defined for the protection of forests (i.e. 10 ppm.h, daylight hours, 
April-September) on the other hand indicates a certain risk for European Forests, especially 
if the CL´s are exceeded by a factor of 6 (10 ppm.h) or 12 (5 ppm.h). 
 
A risk evaluation in line with the MPOC (Maximum Permissible Ozone Concentrations) 
(VDI, 2002) is given in Figure 3.5.3-9 B. The MPOC approach allows not only deriving an 
index for a vegetation period of 6 months but also for different time periods allowing short 
term episodes to be evaluated for their potential ecological risk. Figure 10b gives the mean 
ozone concentration for the time intervals of 8 hrs and 1, 7, 30 and 90 days respectively as 
well as the 6 month for the 2 stations (BOL1 and Lattecaldo) and the years 2002 and 2003. 
The calculation of these indices is based on the hourly ozone concentrations measured at 
the continuous monitoring stations and multiplied with a default factor of 1.1 accounting 
for the concentration difference between measuring and canopy height. The values of the 
calculated indices are compared with an exposure-response curve based on current 
knowledge of ozone induced effects on trees. The 10% confidence intervals of the curve 
contain the area (yellow) where compliance ensures substantial protection with respect to 
growth, productivity, biodiversity and recreation (this does not exclude the development of 
ozone injury symptoms) while the area above and below signal either maximum protection 
(green area) or permanent damage (red area) (GRÜNHAGE et al., 2001; KRAUSE et al., 
2003).  
 
Even though 2003 was an exceptional ozone year for most European countries, calculated 
ozone concentrations for each index are in the yellow area indicating no substantial risk for 
permanent damage. The Lattecaldo site shows for both years markedly higher ozone 
concentrations and it becomes evident that mean concentrations for short time intervals (i.e. 
1, 7, and 30 days) are much higher in comparison to the values from BOL1 in Italy. 
However, it can be seen that the 30 and 90 day mean concentration for Lattecaldo in 2003 
reaches nearly the red area, indicating a critical situation for forests in this region. However, 
it has to be highlight that MPOC is conservative in its risk evaluation and intended to give a 
worst case scenario.  
A 
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Figure 3.5.3-9: (A) AOT40 (ppb.h) for years 2002 and 2003 at Lattecaldo (CH) and BOL1 (IT). White 
columns represent the AOT40 measured at 2 m and the grey columns represent the value corrected for canopy 
height assumed to be 1.1 as default value. The dotted horizontal lines represent the critical levels for 6 
months. (B) Maximum permissible ozone concentrations (MPOC) for the same stations and years, calculated 
for the time intervals of 8 hrs and 1, 7, 30 and 90 days as well as a season mean (April-September). 
 
In Figure 3.5.3-10 A the hourly mean ozone concentrations are aggregated to 14 day means 
for the vegetation period (April-September) for the years 2002 and 2003 to simulate 
measurements with Passive Samplers over the recommended 14 day exposure period. This 
procedure generates twelve 14-day mean values. From these numbers mean ozone 
concentrations were calculated for 4, 8, 16 weeks as well as 6 months used as indices for 
risk evaluation according to the MPOC approach (VDI 2002, KRAUSE et al., 2003). A 
similar calculation was done for an exposure period of 28 days. The results show that data 
from passive sampling can be used for risk calculations rather well. However, shorter 
exposure indices in Figure 3.5.3-9 B tent to be higher than in Figure 3.5.3-10, indicating a 
greater risk for vegetation although all values are in the yellow area. This is in line with the 
former statement that high hourly values are stratified by the passive sampling data 
simulation and thus slightly underestimate the risk for vegetation by ozone.  
 
Although the MPOC concept has not been used so far in the mapping program and it has 
also certain limitations as the other approaches, it seems worthwhile to have all three 
mapping approaches followed up in future mapping exercises in order to find out which 
approach is reflecting best the main aims of the UNECE LRTAP Convention, based on the 
available information in national air quality networks, e.g. the ones developed within the 
framework of the EU-directive 2002/3/EG. This would also include information made 
available by the measurements of ambient air quality on Level II sites as followed up by 
ICP-Forests.      
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Figure 3.5.3-10: Hourly mean ozone concentration aggregated to 14 and 28 day means for the 
vegetation period of the years 2002 and 2003 (April-September) for the 2 stations 
Lattecaldo (CH) and Bol1 (Italy) to simulate measurements with passive samplers 
over the recommended 14-day exposure period (A) and 28-day period (B).  

.  
 

3.5.4 Conclusions and recommendations 

Conclusions on the test phase 
The data presented here for ozone concentration measurements by passive sampling as well 
as the ozone injury assessment on MTS and ground vegetation from the selected LESS-
sites relate to a 2-year test phase. The method outlined in the Submanual on Ambient Air 
Quality Measurements by means of passive sampling can be considered as established since 
results show that the concentrations derived are very well comparable to those measured by 
active monitoring. In order to have a time resolution also representing ozone episodes and 
exposure periods of 14 days for passive sampling are recommend as the future European 
reference exposure period. 
 
The assessment of ozone injury on main tree species as well as ground vegetation at the 
LESS-sites has to be considered as the first and unique effects monitoring system on a 
European scale based on real field observations. However, this ambitious goal turned out as 
a very complex task and demanded knowledge which could only be gained by empirical 
work during training courses and in the countries themselves, leading to a time-consuming 
iterative process. So far, the data base collected is still rather limited, partly due to the fact 
that a second test face started after the Task Force meeting in 2003 and the WG felt the 
necessity to revise the Submanual during the 4th training course in September 2003 in 
Lattecaldo, Switzerland before continuing the national field campaigns. Hence, only very 
limited information on ozone injury is available for the year 2003. However, despite all 
these aggravations, the revised Submanual on ozone injury assessment, adopted by the Task 
Force in 2004, serves as a sound basis for forthcoming monitoring activities. The program 
is intended to serve as an independent information system together with the emission 
inventory data and the ambient air quality monitoring. While data derived from the latter 
can only give information on a potential ecological risk, the effects monitoring reveals 
information on effects truly manifested in form of visible symptom development, hence 
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allowing the development of future and more realistic ecological risk scenarios possibly by 
the use of the flux approach combining both, air quality and plant response data. 
 
Baring in mind the information of the evaluation of the available data, it is suggested that 
countries should assure their activities in this field at least to a selected number of Level II 
plots. For the very program, Level II plots should be chosen where sensitive MTS as well 
as GV with sensitive species are prevalent and the site coincides with comparatively high 
ozone concentrations. For Germany, these sites would preferably be situated in a 
mountainous area with beech forests preferably on a North to South transect. Six to eight 
Level II plots per country are considered sufficient, but assessments are recommended to be 
carried out twice during the growing season. Validation centres will help the countries to 
select the sites and periods based on their experience.   

Outlook and recommendations 
The Working Group follows its perspective given in the Technical Report 2003 as to link 
the information of the two information systems ambient air quality and ozone effects 
assessment in a spatial analysis of ozone concentrations and relating the effects on 
vegetation to these data in a geographic information system (GIS). The data of the two 
systems are placed as individual layers over a given geographic area and analysis looks for 
systematic coincidences like hot spots, etc. Such an approach seems to be appropriate in a 
system where many of the variables follow stochastic processes. Similar approaches have 
been used successfully in epidemiology. However, the methodology might need further 
development. In assessing relationships between ozone exposure indices and ozone injury, 
it is relevant for example to account for modifying factors such as geographical and 
meteorological influence factors. It is anticipated that a five-year measuring period will 
enable the necessary information basis.  
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Annex I-1 
Climatic regions  
 
The Boreal region comprises Finland, the central and northern parts of Sweden, Estonia except the coastal 
regions and some plots in northern and central Norway. The climate is mainly cold with a short vegetation 
period. In the northernmost parts the climate changes to arctic conditions. The Boreal region is dominated by 
Picea abies and Pinus sylvestris. In 2004, 18.7% of the plots of the European survey were located in the 
Boreal region.  
 
The Boreal (Temperate) region covers most parts of southern Sweden and Norway, the whole of the Baltic 
countries Latvia and Lithuania, the coastal regions of Estonia and the whole of Belarus. This region contains 
a higher proportion of deciduous tree species, compared to the colder Boreal region. 15.3% of the assessed 
trees were in the Boreal (Temperate) region. 
 
The Atlantic (North) region comprises the United Kingdom, Ireland, Denmark, the Netherlands, the 
southern coasts of Sweden and Norway, north-west Germany, northern Belgium and France. The climate is 
characterised by mild winters, a relatively uniform distribution of precipitation over the year and long 
transitional seasons. The forests consist of Picea abies, Pinus sylvestris, Picea sitchensis, Quercus robur and 
Fagus sylvatica. 5.6% of the plots were situated in this region.  
 
The Atlantic (South) region comprises central and south-western France, the atlantic coast of Spain and the 
northern parts of Portugal. The climate is warm, with high precipitation in winter, but very little frost and 
snow. There is a higher proportion of oak species, dependent on warmer summers, than in the Atlantic 
(North) region. Also frequent are Castanea sativa, Pinus pinaster, Pinus radiata and Pinis sylvestris. 4.6% 
of the plots were located in this region.  
 
The plots of the Sub-Atlantic region are located in Poland, the Czech Republic, the western parts of 
Slovakia, northern Austria and Switzerland, eastern and southern Germany, southern Belgium, central-
eastern France, and the whole of Luxembourg. The climate is typically temperate and characterised by large 
temperature differences between summer and winter, with a gradient from the western parts to the eastern 
parts. If the whole region is considered, the forests are very heterogeneous, dominated by Picea abies, Pinus 
sylvestris and Fagus sylvatica. In this region 18.3% of all plots were located.  
 
The Continental region consists of the Republic of Moldova, large parts of Romania, eastern and northern 
Bulgaria and nearly all Hungary. The climate is typically continental with warm and dry summers, and low 
temperatures in winter. The forests are characterised by oak species, Fagus sylvatica, Robinia pseudoacacia, 
Carpinus betulus, Picea abies and Abies alba. In 2004, 5.4% of the sample plots were located in this region.  
 
The Mountainous (South) region comprises plots on several mountain ridges. They share steep climatic 
gradients and consequently complex geobotanical structures, depending on altitude and exposition. They 
comprise the Alpine system (Pyrenees, Alps, Tatras, Carpathians and the Balkan), the Appenin, the Vosges, 
and in Germany the Black Forest and the Bavarian/Bohemian Forests. The dominant species are Picea abies, 
Fagus sylvatica, Larix decidua, Pinus nigra, Pinus sylvestris and Abies alba. This climatic region comprises 
12.1% of all sample plots. 
 
The Mountainous (North) region was introduced to account for the peculiarities of the mountainous climate 
in northernmost Europe in comparison to that in the other parts of Europe. This region is located only in 
Norway. It is characterised by large seasonal variations in climate, but with a generally shorter vegetation 
period. The plots at lower altitudes on the Atlantic coast are influenced by the Gulf stream and have a more 
temperate climate. The most frequently occurring species are Betula pubescens, Picea abies and Pinus 
sylvestris. 4.7% of the sample plots were located in the Mountainous (North) region.  
 
The Mediterranean region as a whole is divided in the Mediterranean (Higher) and Mediterranean 
(Lower) regions. The higher areas (5.9% of the plots) are situated between 400 m and ca. 1000 m altitude in 
Portugal, Spain, southern France, Italy, Slovenia, Croatia, Romania and Greece with humid climate. The 
Mediterranean (Lower) regions (9.4% of the plots) cover Cyprus and lower parts of the countries mentioned 
above. The climate is characterised by hot and dry summers and frequent drought periods in summer. Both 
Mediterranean regions are dominated by Pinus halepensis, Pinus nigra, Pinus pinaster, Quercus ilex, 
Quercus cerris and Quercus pubescens. 
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Annex I-2 
Braodleaves and conifers (2004) 
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Annex I-3 
Species assessed (2004) 
 

 Observed trees Observed plots 
Species Number % Number % 

Pinus sylvestris 37104 27.41 1910 18.01 
Picea abies 27109 20.03 1543 14.55 
Fagus sylvatica 11656 8.61 664 6.26 
Quercus robur 4948 3.66 433 4.08 
Betula pubescens 4667 3.45 724 6.83 
Quercus ilex 3852 2.85 222 2.09 
Betula pendula 3711 2.74 664 6.26 
Quercus petraea 3517 2.60 359 3.39 
Pinus pinaster 3507 2.59 182 1.72 
Pinus nigra 2722 2.01 157 1.48 
Pinus halepensis 2494 1.84 129 1.22 
Abies alba 2215 1.64 216 2.04 
Quercus cerris 2048 1.51 173 1.63 
Quercus pubescens 1962 1.45 163 1.54 
Carpinus betulus 1835 1.36 240 2.26 
Quercus suber 1655 1.22 96 0.91 
Eucalyptus spp. 1603 1.18 74 0.70 
Castanea sativa 1277 0.94 148 1.40 
Larix decidua 1264 0.93 187 1.76 
Populus tremula 1120 0.83 263 2.48 
Fraxinus excelsior 1005 0.74 197 1.86 
Alnus glutinosa 1003 0.74 134 1.26 
Quercus pyrenaica 975 0.72 55 0.52 
Quercus frainetto 931 0.69 63 0.59 
Fagus moesiaca 907 0.67 50 0.47 
Picea sitchensis 902 0.67 46 0.43 
Robinia pseudoacacia 882 0.65 76 0.72 
Quercus rotundifolia 662 0.49 36 0.34 
Acer pseudoplatanus 577 0.43 165 1.56 
Pseudotsuga menziesii 564 0.42 50 0.47 
Pinus pinea 496 0.37 39 0.37 
Populus hybrides 488 0.36 23 0.22 
Quercus faginea 398 0.29 51 0.48 
Ostrya carpinifolia 397 0.29 64 0.60 
Other broadleaves 377 0.28 82 0.77 
Pinus radiata 322 0.24 16 0.15 
Tilia cordata 309 0.23 72 0.68 
Pinus brutia 300 0.22 14 0.13 
Juniperus thurifera 279 0.21 22 0.21 
Prunus avium 228 0.17 106 1.00 
Alnus incana 221 0.16 38 0.36 
Acer campestre 199 0.15 78 0.74 
Pinus contorta 189 0.14 15 0.14 
Fraxinus angustifolia 183 0.14 21 0.20 
Pinus uncinata 176 0.13 15 0.14 
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 Observed trees Observed plots 
Species Number % Number % 

Olea europaea 173 0.13 20 0.19 
Quercus rubra 154 0.11 22 0.21 
Fraxinus ornus 144 0.11 52 0.49 
Tilia platyphyllos 138 0.10 17 0.16 
Acer platanoides 119 0.09 42 0.40 
Populus nigra 108 0.08 10 0.09 
Pinus cembra 94 0.07 10 0.09 
Alnus cordata 88 0.07 5 0.05 
Larix kaempferi 73 0.05 9 0.08 
Sorbus aucuparia 66 0.05 27 0.25 
Pinus strobus 65 0.05 9 0.08 
Sorbus aria 50 0.04 32 0.30 
Ulmus glabra 49 0.04 22 0.21 
Juniperus oxycedrus 49 0.04 17 0.16 
Salix caprea 46 0.03 29 0.27 
Populus alba 45 0.03 11 0.10 
Populus canescens 45 0.03 4 0.04 
Acer opalus 44 0.03 17 0.16 
Juniperus communis 43 0.03 7 0.07 
Salix spp. 41 0.03 10 0.09 
Other conifers 41 0.03 9 0.08 
Cupressus sempervirens 34 0.03 4 0.04 
Acer monspessulanum 32 0.02 11 0.10 
Cedrus atlantica 32 0.02 4 0.04 
Sorbus torminalis 28 0.02 23 0.22 
Salix alba 27 0.02 5 0.05 
Ulmus minor 27 0.02 11 0.10 
Cedrus brevifolia 24 0.02 1 0.01 
Juniperus phoenicea 22 0.02 9 0.08 
Buxus sempervirens 21 0.02 3 0.03 
Platanus orientalis 21 0.02 2 0.02 
Corylus avellana 19 0.01 10 0.09 
Quercus fruticosa 19 0.01 1 0.01 
Quercus trojana 18 0.01 1 0.01 
Arbutus unedo 14 0.01 5 0.05 
Juglans regia 13 0.01 5 0.05 
Ulmus laevis 12 0.01 6 0.06 
Pyrus communis 10 0.01 6 0.06 
Sorbus domestica 9 0.01 8 0.08 
Tsuga spp. 9 0.01 1 0.01 
Ilex aquifolium 8 0.01 5 0.05 
Ceratonia siliqua 8 0.01 3 0.03 
Phillyrea latifolia 8 0.01 2 0.02 
Cupressus lusitanica 8 0.01 1 0.01 
Carpinus orientalis 7 0.01 2 0.02 
Cedrus deodara 4 0.00 1 0.01 
Malus domestica 3 0.00 2 0.02 
Prunus padus 3 0.00 2 0.02 
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 Observed trees Observed plots 
Species Number % Number % 

Quercus coccifera 3 0.00 3 0.03 
Abies grandis 3 0.00 1 0.01 
Pinus mugo 3 0.00 1 0.01 
Thuya spp. 3 0.00 1 0.01 
Prunus serotina 2 0.00 1 0.01 
Juglans nigra 1 0.00 1 0.01 
Salix cinerea 1 0.00 1 0.01 
Salix eleagnos 1 0.00 1 0.01 
Salix fragilis 1 0.00 1 0.01 
Pistacia terebinthus 1 0.00 1 0.01 
Picea omorika 1 0.00 1 0.01 
Taxus baccata 1 0.00 1 0.01 
All species 135372 100.00 10604 100.00 
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Annex I-4 
Percentage of trees damaged (2004) 

Note that some differences in the level of damage across 
national borders may be at least partly due to differences 
in standards used. This restriction however does not affect 

the reliability of the trends over time. 
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Annex I-5 
Mean plot defoliation of all species (2004) 

Note that some differences in the level of damage across 
national borders may be at least partly due to differences 
in standards used. This restriction however does not affect 

the reliability of the trends over time. 
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Annex I-6 
Plot discolouration (2004) 

Note that some differences in the level of damage across 
national borders may be at least partly due to differences 
in standards used. This restriction however does not affect 

the reliability of the trends over time. 
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Annex I-7 
Changes in mean plot defoliation (2003-2004) 
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Annex I-8 
Development of defoliation of most common species (1990-2004). 

Picea abies 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25% 

1990 526 52.3 28.3 19.4  1990 3822 27.4 39.5 33.1 
1991 524 54.8 22.7 22.5  1991 3767 25.5 39.1 35.4 
1992 525 49.5 30.7 19.8  1992 3826 24.6 40.7 34.7 
1993 521 47.8 21.7 30.5  1993 3781 24.6 37.2 38.2 
1994 522 39.7 26.2 34.1  1994 3778 21.1 37.8 41.1 
1995 503 42.6 28.6 28.8  1995 3833 25.9 34.0 40.1 
1996 495 49.5 30.1 20.4  1996 3835 31.0 36.4 32.6 
1997 475 51.6 26.3 22.1  1997 3855 25.1 40.4 34.5 
1998 497 52.3 27.6 20.1  1998 4674 27.6 39.9 32.5 
1999 507 56.0 24.7 19.3  1999 4651 26.7 40.9 32.4 
2000 489 53.1 26.0 20.9  2000 4651 22.9 43.6 33.5 
2001 490 61.9 21.6 16.5  2001 4444 21.9 44.8 33.3 
2002 466 64.0 22.3 13.7  2002 4509 21.3 42.1 36.6 
2003 466 61.8 21.9 16.3  2003 4563 21.0 44.5 34.5 
2004 465 62.4 21.7 15.9  2004 4540 18.0 40.4 41.6 

BOREAL 
(TEMP.) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 405 35.6 41.2 23.2  1990 1715 29.6 37.3 33.1 
1991 599 32.4 46.6 21.0  1991 1727 22.4 44.5 33.1 
1992 595 30.1 50.9 19.0  1992 1697 15.4 45.5 39.1 
1993 594 29.0 54.0 17.0  1993 1674 18.2 44.2 37.6 
1994 531 37.1 47.5 15.4  1994 1708 17.1 42.3 40.6 
1995 547 39.5 45.5 15.0  1995 1803 21.1 44.3 34.6 
1996 585 30.4 52.0 17.6  1996 1778 25.2 42.9 31.9 
1997 545 32.5 48.1 19.4  1997 1726 23.0 44.2 32.8 
1998 551 36.5 47.5 16.0  1998 2151 25.8 43.2 31.0 
1999 552 32.8 49.6 17.6  1999 2131 29.1 43.1 27.8 
2000 549 24.8 51.3 23.9  2000 2076 24.0 47.2 28.8 
2001 540 25.7 53.2 21.1  2001 2016 20.2 50.6 29.2 
2002 540 23.1 60.8 16.1  2002 1994 16.3 55.0 28.7 
2003 522 24.3 58.8 16.9  2003 2011 13.2 58.1 28.7 
2004 518 27.8 56.2 16.0  2004 1955 9.4 49.6 41.0 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 6485 30.7 38.0 31.3       
1991 6634 27.8 39.8 32.4       
1992 6660 24.9 41.9 33.2       
1993 6584 25.4 39.2 35.4       
1994 6553 23.0 38.8 38.2       
1995 6700 27.1 37.2 35.7       
1996 6707 30.9 39.0 30.1       
1997 6615 27.2 40.9 31.9       
1998 7887 29.4 40.5 30.1       
1999 7855 29.8 41.0 29.2       
2000 7779 25.4 43.9 30.7       
2001 7504 24.4 45.5 30.1       
2002 7523 22.7 45.7 31.6       
2003 7568 21.7 47.7 30.6       
2004 7484 19.2 42.8 38.0       

 
Pinus sylvestris 

ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1990 588 50.2 41.8 8.0  1990 541 85.9 12.8 1.3 
1991 591 51.3 37.2 11.5  1991 541 72.8 21.3 5.9 
1992 581 55.1 32.7 12.2  1992 564 67.4 23.0 9.6 
1993 592 50.0 39.4 10.6  1993 564 56.6 26.6 16.8 
1994 591 45.7 42.5 11.8  1994 540 51.5 31.3 17.2 
1995 576 44.3 45.8 9.9  1995 549 45.2 39.9 14.9 
1996 577 38.1 51.0 10.9  1996 541 47.4 43.4 9.2 
1997 573 47.5 46.2 6.3  1997 540 45.0 44.3 10.7 
1998 573 54.1 39.4 6.5  1998 540 44.4 48.2 7.4 
1999 647 46.4 43.7 9.9  1999 603 50.6 44.3 5.1 
2000 643 44.0 45.6 10.4  2000 602 55.5 40.2 4.3 
2001 648 42.4 48.5 9.1  2001 604 53.3 40.1 6.6 
2002 648 46.5 43.8 9.7  2002 603 48.0 41.6 10.4 
2003 647 48.8 41.6 9.6  2003 601 44.1 46.9 9.0 
2004 639 55.5 38.2 6.3  2004 601 41.6 49.6 8.8 
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Pinus sylvestris 
MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
BOREAL 
(TEMP.) 

Number of 
trees 

0-10% >10-25% >25% 

1990 739 66.9 21.2 11.9  1990 960 10.4 34.4 55.2 
1991 742 51.1 32.3 16.6  1991 1154 4.9 32.8 62.3 
1992 758 39.4 40.7 19.9  1992 1130 3.1 26.3 70.6 
1993 743 36.9 41.2 21.9  1993 1156 4.0 34.2 61.8 
1994 731 29.5 40.7 29.8  1994 1099 9.9 43.8 46.3 
1995 747 31.7 54.9 13.4  1995 1079 15.9 56.6 27.5 
1996 754 35.5 49.5 15.0  1996 1117 20.0 57.8 22.2 
1997 763 34.3 55.7 10.0  1997 1096 18.0 61.7 20.3 
1998 829 39.6 50.0 10.4  1998 1115 19.5 60.7 19.8 
1999 918 48.4 41.7 9.9  1999 1134 14.2 67.0 18.8 
2000 904 35.6 51.7 12.7  2000 1068 15.0 67.8 17.2 
2001 895 37.5 49.5 13.0  2001 1121 12.3 74.9 12.8 
2002 896 26.2 54.7 19.1  2002 1133 15.5 72.0 12.5 
2003 896 23.1 59.0 17.9  2003 1131 19.6 71.0 9.4 
2004 899 20.7 61.7 17.6  2004 1134 17.5 72.7 9.8 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

CONTINENTAL Number of 
trees 

0-10% >10-25% >25% 

1990 8491 13.5 46.2 40.3  1990 149 46.3 18.1 35.6 
1991 8534 8.2 45.8 46.0  1991 157 56.0 25.5 18.5 
1992 8538 8.6 43.9 47.5  1992 158 62.6 20.3 17.1 
1993 8549 8.9 44.6 46.5  1993 162 63.0 16.0 21.0 
1994 8011 5.4 41.5 53.1  1994 162 59.9 17.3 22.8 
1995 7838 7.5 42.1 50.4  1995 166 69.3 12.0 18.7 
1996 7838 12.4 51.7 35.9  1996 168 66.7 14.3 19.0 
1997 7815 12.1 54.8 33.1  1997 168 64.9 14.9 20.2 
1998 8210 12.9 56.8 30.3  1998 181 62.4 21.0 16.6 
1999 8205 12.5 61.0 26.5  1999 180 68.4 17.2 14.4 
2000 8216 10.5 61.9 27.6  2000 170 65.9 14.7 19.4 
2001 8195 10.4 62.4 27.2  2001 170 68.8 15.9 15.3 
2002 8059 9.1 63.2 27.7  2002 170 61.2 18.2 20.6 
2003 8103 8.5 63.4 28.1  2003 169 53.3 26.0 20.7 
2004 8139 8.1 61.9 30.0  2004 168 57.8 20.2 22.0 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 11630 23.1 41.1 35.8       
1991 11877 17.2 41.5 41.3       
1992 11887 16.6 40.0 43.4       
1993 11924 15.9 41.6 42.5       
1994 11292 13.2 40.6 46.2       
1995 11113 15.3 44.0 40.7       
1996 11154 19.1 51.0 29.9       
1997 11115 19.2 53.6 27.2       
1998 11608 20.4 54.6 25.0       
1999 11847 20.6 57.3 22.1       
2000 11764 18.3 58.7 23.0       
2001 11794 17.9 59.8 22.3       
2002 11670 16.4 60.3 23.3       
2003 11708 15.9 60.9 23.2       
2004 11741 15.5 60.2 24.3       

 

Fagus sylvatica 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 420 18.8 45.0 36.2  1990 123 65.9 21.1 13.0 
1991 420 28.3 47.2 24.5  1991 95 57.9 28.4 13.7 
1992 420 25.0 46.2 28.8  1992 119 59.7 31.1 9.2 
1993 420 25.5 45.2 29.3  1993 119 62.2 31.1 6.7 
1994 425 28.2 44.3 27.5  1994 80 33.8 54.9 11.3 
1995 423 14.4 43.8 41.8  1995 120 59.2 35.0 5.8 
1996 404 19.8 47.5 32.7  1996 96 33.3 52.1 14.6 
1997 420 24.5 43.8 31.7  1997 120 29.2 54.1 16.7 
1998 420 27.1 42.4 30.5  1998 120 27.5 60.8 11.7 
1999 431 22.0 47.8 30.2  1999 121 35.5 55.4 9.1 
2000 436 15.8 41.1 43.1  2000 126 42.9 47.6 9.5 
2001 461 29.7 41.9 28.4  2001 127 48.8 46.5 4.7 
2002 459 26.1 43.4 30.5  2002 128 28.9 57.8 13.3 
2003 463 28.3 42.5 29.2  2003 128 27.3 60.2 12.5 
2004 472 23.1 31.1 45.8  2004 128 15.6 71.1 13.3 
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Fagus sylvatica 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 2372 31.2 46.2 22.6  1990 976 48.3 41.7 10.0 
1991 2430 33.6 44.3 22.1  1991 994 59.0 33.8 7.2 
1992 2447 20.4 48.4 31.2  1992 1001 52.2 31.9 15.9 
1993 2425 23.8 47.1 29.1  1993 1014 52.2 32.9 14.9 
1994 2386 16.2 49.8 34.0  1994 950 48.0 36.7 15.3 
1995 2421 18.0 46.1 35.9  1995 1010 40.4 42.7 16.9 
1996 2435 21.4 51.2 27.4  1996 1004 35.4 48.5 16.1 
1997 2477 22.5 54.2 23.3  1997 1011 30.7 49.9 19.4 
1998 2685 23.5 51.5 25.0  1998 1053 45.4 44.5 10.1 
1999 2719 17.8 56.3 25.9  1999 1158 34.4 52.3 13.3 
2000 2732 23.6 50.6 25.8  2000 1204 43.1 45.9 11.0 
2001 2722 20.6 48.4 31.0  2001 1193 29.0 54.7 16.3 
2002 2725 24.9 52.0 23.1  2002 1200 31.8 56.4 11.8 
2003 2743 23.8 51.4 24.8  2003 1202 17.8 49.7 32.5 
2004 2757 14.6 50.5 34.9  2004 1195 25.2 49.4 25.4 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 4015 37.0 43.0 20.0     
1991 4064 40.9 41.2 17.9     
1992 4091 31.4 42.8 25.8     
1993 4109 33.6 42.0 24.4     
1994 3948 27.0 45.4 27.6     
1995 4127 25.9 44.0 30.1     
1996 4092 26.2 49.9 23.9     
1997 4163 25.8 51.6 22.6     
1998 4417 30.2 48.7 21.1     
1999 4568 24.1 53.9 22.0     
2000 4637 29.6 47.9 22.5     
2001 4640 25.0 49.2 25.8     
2002 4649 27.6 52.2 20.2     
2003 4678 23.9 50.0 26.1     
2004 4693 19.4 48.5 32.1     

 
Quercus ilex and Q. rotundifolia 

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 

(LOWER) 
Number of 

trees 
0-10% >10-25% >25% 

1990 652 80.4 18.7 0.9  1990 2326 65.0 21.5 13.5 
1991 652 56.1 40.8 3.1  1991 2308 47.2 36.3 16.5 
1992 653 42.0 49.1 8.9  1992 2323 38.2 45.7 16.1 
1993 653 31.2 60.4 8.4  1993 2298 36.4 56.9 6.7 
1994 653 25.4 56.1 18.5  1994 2294 31.4 57.4 11.2 
1995 671 17.1 50.7 32.2  1995 2277 16.6 56.4 27.0 
1996 665 21.1 53.5 25.4  1996 2278 20.5 54.7 24.8 
1997 665 25.6 58.5 15.9  1997 2278 29.0 56.2 14.8 
1998 657 35.0 51.6 13.4  1998 2278 31.9 54.4 13.7 
1999 770 26.6 56.5 16.9  1999 2896 21.8 56.2 22.0 
2000 764 27.0 56.2 16.8  2000 2914 17.6 60.8 21.6 
2001 765 24.7 62.8 12.5  2001 2914 19.4 65.2 15.4 
2002 765 17.3 64.4 18.3  2002 2918 17.6 64.4 18.0 
2003 766 20.2 60.7 19.1  2003 2919 14.1 66.1 19.8 
2004 766 20.9 61.3 17.8  2004 2916 20.3 64.4 15.3 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 3074 67.8 20.9 11.3     
1991 3064 49.4 37.2 13.4     
1992 3080 38.6 46.6 14.8     
1993 3055 35.1 57.8 7.1     
1994 3027 29.3 57.4 13.3     
1995 3052 16.3 55.6 28.1     
1996 3034 20.6 55.1 24.3     
1997 3034 28.3 56.9 14.8     
1998 3026 32.8 53.8 13.4     
1999 3820 23.4 56.4 20.2     
2000 3852 20.2 59.8 20.0     
2001 3853 20.4 64.5 15.1     
2002 3857 17.4 63.8 18.8     
2003 3859 15.6 64.4 20.0     
2004 3855 20.2 63.7 16.1     

 



Annex I-8                                                                                                                                                                

Pinus pinaster 
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1990 467 44.3 17.8 37.9  1990 426 77.5 14.3 8.2 
1991 461 38.6 27.8 33.6  1991 380 75.0 14.7 10.3 
1992 482 53.3 26.6 20.1  1992 370 84.1 13.5 2.4 
1993 451 59.0 31.9 9.1  1993 370 75.9 21.4 2.7 
1994 423 60.3 31.0 8.7  1994 432 72.9 17.8 9.3 
1995 420 57.1 36.2 6.7  1995 432 69.3 27.5 3.2 
1996 420 54.5 34.3 11.2  1996 432 69.2 22.9 7.9 
1997 410 60.3 32.9 6.8  1997 427 72.6 20.1 7.3 
1998 410 52.7 39.3 8.0  1998 432 69.6 26.2 4.2 
1999 598 52.9 43.1 4.0  1999 511 61.2 28.8 10.0 
2000 600 49.0 40.2 10.8  2000 482 61.2 29.0 9.8 
2001 592 41.7 53.2 5.1  2001 481 62.4 34.7 2.9 
2002 593 41.3 48.8 9.9  2002 482 54.2 42.5 3.3 
2003 565 37.0 57.0 6.0  2003 482 50.6 44.0 5.4 
2004 563 32.9 52.9 14.2  2004 472 55.3 37.3 7.4 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1990 1712 71.4 18.6 10.0  1990 2654 68.1 17.5 14.4 
1991 1699 61.7 27.6 10.7  1991 2589 60.1 25.4 14.5 
1992 1698 64.1 25.6 10.3  1992 2599 65.3 23.8 10.9 
1993 1582 67.7 23.5 8.8  1993 2452 67.5 24.6 7.9 
1994 1638 65.7 27.8 6.5  1994 2542 66.0 26.8 7.2 
1995 1480 59.2 32.2 8.6  1995 2381 60.9 31.9 7.2 
1996 1449 57.0 34.6 8.4  1996 2350 59.3 32.0 8.7 
1997 1433 43.6 45.9 10.5  1997 2333 52.9 38.0 9.1 
1998 1427 44.2 45.8 10.0  1998 2332 51.2 40.2 8.6 
1999 1661 42.9 47.4 9.7  1999 2886 50.0 41.8 8.2 
2000 1661 46.5 45.4 8.1  2000 2859 51.1 40.3 8.6 
2001 1653 47.7 46.3 6.0  2001 2842 50.1 44.8 5.1 
2002 1649 48.4 45.7 5.9  2002 2840 48.5 45.3 6.2 
2003 1459 45.9 44.6 9.5  2003 2622 45.2 47.1 7.7 
2004 1427 43.9 41.7 14.4  2004 2579 44.1 43.5 12.4 

 
Quercus suber 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1990 1403 39.1 19.2 41.7  1990 1442 38.9 18.9 42.2 
1991 1382 26.6 29.7 43.7  1991 1419 26.7 29.2 44.1 
1992 1449 29.6 37.7 32.7  1992 1487 29.6 37.2 33.2 
1993 1401 46.1 44.5 9.4  1993 1438 47.6 43.3 9.1 
1994 1397 39.2 47.0 13.8  1994 1434 40.7 45.8 13.5 
1995 1398 19.4 54.3 26.3  1995 1435 21.3 53.1 25.6 
1996 1400 32.9 52.1 15.0  1996 1437 33.9 51.5 14.6 
1997 1403 34.3 53.2 12.5  1997 1440 35.8 52 12.2 
1998 1403 26.8 58.2 15.0  1998 1440 28.1 57.2 14.7 
1999 1511 23.4 56.9 19.7  1999 1548 24.5 56.3 19.2 
2000 1533 21.2 62.0 16.8  2000 1570 22.4 61.2 16.4 
2001 1534 22.0 59.6 18.4  2001 1571 22.5 59.4 18.1 
2002 1557 22.1 60.4 17.5  2002 1594 22.5 60.2 17.3 
2003 1541 19.4 54.4 26.2  2003 1578 19.8 54.5 25.7 
2004 1557 20.9 52.4 26.7  2004 1594 21.6 52.2 26.2 

 
Quercus robur and Q. petraea 

ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 322 57.2 30.4 12.4  1990 269 66.5 8.6 24.9 
1991 323 39.9 43.7 16.4  1991 257 55.3 13.2 31.5 
1992 323 25.1 56.3 18.6  1992 237 49.4 27.8 22.8 
1993 326 25.2 41.4 33.4  1993 238 51.7 34.9 13.4 
1994 316 35.8 33.2 31.0  1994 197 55.3 33.5 11.2 
1995 331 37.2 41.0 21.8  1995 239 40.2 48.1 11.7 
1996 328 15.9 39.0 45.1  1996 237 32.9 49.4 17.7 
1997 335 17.9 43.0 39.1  1997 238 34.5 52.1 13.4 
1998 335 25.7 47.7 26.6  1998 240 33.8 44.5 21.7 
1999 335 23.6 39.4 37.0  1999 280 35.4 53.5 11.1 
2000 337 27.3 47.2 25.5  2000 278 30.6 57.9 11.5 
2001 341 20.8 52.8 26.4  2001 281 20.3 60.8 18.9 
2002 342 24.9 46.4 28.7  2002 282 20.6 62.7 16.7 
2003 338 15.1 51.5 33.4  2003 298 22.1 62.5 15.4 
2004 340 12.9 47.1 40.0  2004 299 20.4 58.9 20.7 
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Quercus robur and Q. petraea 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 1634 27.3 49.2 23.5  1990 205 12.2 23.4 64.4 
1991 1635 17.0 48.6 34.4  1991 212 26.9 39.6 33.5 
1992 1624 13.1 49.1 37.8  1992 212 14.6 58.5 26.9 
1993 1624 10.2 43.6 46.2  1993 214 18.7 34.1 47.2 
1994 1630 6.9 37.3 55.8  1994 197 11.2 55.8 33.0 
1995 1631 8.5 38.6 52.9  1995 210 21.0 45.2 33.8 
1996 1608 10.6 43.0 46.4  1996 209 12.9 30.6 56.5 
1997 1627 11.2 45.4 43.4  1997 209 17.2 26.8 56.0 
1998 1693 12.2 42.4 45.4  1998 238 19.3 35.3 45.4 
1999 1723 13.8 52.1 34.1  1999 243 18.5 39.5 42.0 
2000 1725 12.3 52.7 35.0  2000 241 18.3 44.8 36.9 
2001 1729 12.1 52.7 35.2  2001 244 18.4 45.1 36.5 
2002 1735 15.4 52.0 32.6  2002 246 13.8 46.8 39.4 
2003 1737 9.4 53.8 36.8  2003 247 15.4 45.3 39.3 
2004 1744 10.7 47.3 42.0  2004 267 19.1 39.7 41.2 

CONTINENTAL Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1990 166 47.6 25.3 27.1  1990 2633 35.8 38.8 25.4 
1991 178 35.9 29.8 34.3  1991 2640 26.4 42.2 31.4 
1992 177 42.4 27.1 30.5  1992 2609 20.7 47.0 32.3 
1993 177 28.2 32.8 39.0  1993 2615 18.3 40.9 40.8 
1994 185 30.3 19.5 50.2  1994 2559 16.8 36.7 46.5 
1995 185 33.0 27.0 40.0  1995 2643 18.1 39.8 42.1 
1996 190 36.8 27.4 35.8  1996 2619 15.7 41.1 43.2 
1997 191 38.2 24.1 37.7  1997 2651 17.2 42.9 39.9 
1998 207 37.1 30.0 32.9  1998 2764 18.7 41.9 39.4 
1999 207 47.8 25.1 27.1  1999 2839 20.5 47.7 31.8 
2000 208 47.1 22.6 30.3  2000 2868 20.2 49.3 30.5 
2001 205 52.7 23.9 23.4  2001 2879 18.2 50.9 30.9 
2002 205 46.4 26.8 26.8  2002 2889 19.5 50.4 30.1 
2003 204 40.7 26.5 32.8  2003 2902 14.1 52.3 33.6 
2004 264 43.6 26.1 30.3  2004 2998 16.0 46.3 37.7 

 

Abies alba 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 385 11.2 27.5 61.3  1990 335 21.5 30.1 48.4 
1991 385 10.1 23.9 66.0  1991 348 22.7 34.2 43.1 
1992 386 9.8 23.1 67.1  1992 347 14.7 43.5 41.8 
1993 382 8.1 26.7 65.2  1993 347 11.2 30.8 58.0 
1994 385 7.8 22.9 69.3  1994 343 15.5 39.7 44.8 
1995 402 8.0 30.8 61.2  1995 359 14.8 37.6 47.6 
1996 401 9.7 35.4 54.9  1996 366 13.7 32.8 53.5 
1997 392 11.5 35.7 52.8  1997 360 10.3 40.8 48.9 
1998 432 11.6 34.5 53.9  1998 342 16.4 38.9 44.7 
1999 429 10.5 37.5 52.0  1999 347 13.8 42.1 44.1 
2000 430 9.3 36.0 54.7  2000 383 17.5 43.1 39.4 
2001 419 10.3 29.6 60.1  2001 374 16.0 46.3 37.7 
2002 459 15.9 32.2 51.9  2002 425 13.4 49.7 36.9 
2003 459 13.7 38.3 48.0  2003 439 10.0 44.6 45.4 
2004 459 14.2 37.9 47.9  2004 440 11.1 47.1 41.8 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 748 15.6 28.9 55.5     
1991 761 16.0 28.6 55.4     
1992 761 13.8 32.9 53.3     
1993 757 9.5 29.2 61.3     
1994 756 12.4 31.2 56.4     
1995 785 11.1 34.1 54.8     
1996 795 11.8 35.0 53.2     
1997 780 11.4 39.4 49.2     
1998 802 14.6 36.8 48.6     
1999 804 12.9 39.6 47.5     
2000 817 13.1 39.4 47.5     
2001 793 13.0 37.5 49.5     
2002 884 14.7 40.6 44.7     
2003 898 11.9 41.4 46.7     
2004 903 12.6 42.5 44.9     
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Picea sitchensis 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1990 294 61.2 28.6 10.2  1990 294 61.2 28.6 10.2 
1991 285 45.9 30.2 23.9  1991 285 45.9 30.2 23.9 
1992 286 45.8 29.7 24.5  1992 286 45.8 29.7 24.5 
1993 287 33.4 29.3 37.3  1993 287 33.4 29.3 37.3 
1994 266 35.7 39.1 25.2  1994 266 35.7 39.1 25.2 
1995 259 39.0 33.6 27.4  1995 259 39.0 33.6 27.4 
1996 265 52.1 29.8 18.1  1996 265 52.1 29.8 18.1 
1997 269 61.4 24.5 14.1  1997 269 61.4 24.5 14.1 
1998 288 51.7 29.5 18.8  1998 288 51.7 29.5 18.8 
1999 266 72.9 16.2 10.9  1999 266 72.9 16.2 10.9 
2000 267 65.9 22.5 11.6  2000 267 65.9 22.5 11.6 
2001 262 62.3 22.1 15.6  2001 262 62.3 22.1 15.6 
2002 266 49.6 31.6 18.8  2002 266 49.6 31.6 18.8 
2003 245 61.3 26.9 11.8  2003 245 61.3 26.9 11.8 
2004 250 60.4 20.8 18.8  2004 250 60.4 20.8 18.8 

 
All species 

ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 2729 47.8 34.3 17.9  1990 1668 66.6 14.0 19.4 
1991 2729 44.8 34.8 20.4  1991 1555 56.6 21.7 21.7 
1992 2718 41.4 37.8 20.8  1992 1799 64.3 23.2 12.5 
1993 2710 38.8 35.6 25.6  1993 1782 61.3 27.3 11.4 
1994 2693 38.5 36.8 24.7  1994 1608 59.2 28.7 12.1 
1995 2642 36.2 37.6 26.2  1995 1704 58.8 33.0 8.2 
1996 2624 37.0 39.9 23.1  1996 1560 51.4 37.9 10.7 
1997 2605 42.0 38.0 20.0  1997 1680 56.1 35.2 8.7 
1998 2628 45.8 36.2 18.0  1998 1704 49.3 38.3 12.4 
1999 2754 45.9 35.4 18.7  1999 2376 55.2 37.1 7.7 
2000 2726 43.6 36.2 20.2  2000 2376 48.6 37.2 14.2 
2001 2765 45.7 36.4 17.9  2001 2376 42.8 48.5 8.7 
2002 2746 43.6 37.9 18.5  2002 2376 36.6 50.1 13.3 
2003 2724 43.7 37.2 19.1  2003 2376 34.8 51.9 13.3 
2004 2746 43.4 33.9 22.7  2004 2376 35.6 48.9 15.5 
SUB-

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1990 18600 21.3 43.3 35.4  1990 3636 78.4 16.9 4.7 
1991 18638 17.8 43.2 39.0  1991 3586 60.3 30.8 8.9 
1992 18707 15.2 43.0 41.8  1992 3600 50.9 36.0 13.1 
1993 18654 15.6 42.1 42.3  1993 3600 46.8 40.8 12.4 
1994 18016 11.6 40.5 47.9  1994 3612 43.0 39.6 17.4 
1995 18056 14.8 39.6 45.6  1995 3684 34.0 44.9 21.1 
1996 18005 19.0 46.1 34.9  1996 3660 36.1 46.1 17.8 
1997 18052 18.3 49.2 32.5  1997 3636 40.2 46.3 13.5 
1998 19727 19.5 48.8 31.7  1998 3636 42.9 45.9 11.2 
1999 19765 18.6 52.6 28.8  1999 4356 40.0 48.3 11.7 
2000 19847 17.8 52.6 29.6  2000 4326 39.2 49.7 11.1 
2001 19547 17.1 52.5 30.4  2001 4326 33.6 53.1 13.3 
2002 19570 16.9 53.2 29.9  2002 4326 30.4 53.7 15.9 
2003 19577 15.6 54.0 30.4  2003 4326 28.7 56.6 14.7 
2004 19591 13.0 51.9 35.1  2004 4326 28.5 56.6 14.9 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1990 8715 67.4 18.5 14.1  1990 5271 45.5 31.8 22.7 
1991 8634 57.5 26.5 16.0  1991 5336 42.3 35.7 22.0 
1992 8853 50.8 32.7 16.5  1992 5347 32.4 40.7 26.9 
1993 8622 51.6 38.6 9.8  1993 5320 31.6 40.6 27.8 
1994 8578 46.8 39.4 13.8  1994 5232 28.0 42.2 29.8 
1995 8394 32.6 46.2 21.2  1995 5506 27.2 47.0 25.8 
1996 8424 36.3 47.1 16.6  1996 5498 29.2 45.4 25.4 
1997 8435 37.0 50.9 12.1  1997 5458 28.9 46.1 25.0 
1998 8454 38.1 48.9 13.0  1998 6074 35.2 42.5 22.3 
1999 10038 33.7 51.5 14.8  1999 6633 36.7 43.8 19.5 
2000 10188 31.5 54.1 14.4  2000 6763 33.3 47.0 19.7 
2001 10218 30.5 56.6 12.9  2001 6647 28.2 50.6 21.2 
2002 10248 28.5 57.2 14.3  2002 6745 24.3 53.4 22.3 
2003 9978 25.7 57.4 16.9  2003 6794 19.8 53.7 26.5 
2004 9888 27.9 56.6 15.5  2004 6734 19.9 51.3 28.8 
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All species 
BOREAL 
(TEMP.) 

Number of 
trees 

0-10% >10-25% >25%  
CONTINENTAL 

0-10% >10-25% >25% 0-10% 

1990 1920 28.9 34.1 37.0  1990 1133 60.9 19.2 19.9 
1991 2424 22.6 37.7 39.7  1991 1151 64.0 19.1 16.9 
1992 2396 18.7 37.5 43.8  1992 1151 62.3 18.2 19.5 
1993 2420 20.1 41.9 38.0  1993 1162 56.9 18.5 24.6 
1994 2257 27.1 43.7 29.2  1994 1140 53.9 17.9 28.2 
1995 2262 34.4 46.2 19.4  1995 1160 61.5 15.9 22.6 
1996 2368 31.8 50.1 18.1  1996 1117 65.3 15.0 19.7 
1997 2297 30.0 53.5 16.5  1997 1073 66.9 14.9 18.2 
1998 2326 30.4 53.6 16.0  1998 1155 66.5 16.0 17.5 
1999 2348 25.2 57.9 16.9  1999 1230 71.9 13.7 14.4 
2000 2256 18.8 61.1 20.1  2000 1230 67.7 13.6 18.7 
2001 2325 18.0 65.9 16.1  2001 1211 64.1 18.9 17.0 
2002 2340 19.7 66.7 13.6  2002 1182 63.5 17.3 19.2 
2003 2293 21.4 65.9 12.7  2003 1182 58.0 18.3 23.7 
2004 2290 21.3 65.8 12.9  2004 1422 62.1 16.5 21.4 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1990 43672 42.9 32.1 25.0     
1991 44053 36.5 35.8 27.7     
1992 44571 32.2 38.1 29.7     
1993 44270 31.6 39.5 28.9     
1994 43136 28.6 39.3 32.1     
1995 43408 26.7 41.6 31.7     
1996 43256 29.3 44.9 25.8     
1997 43236 29.8 47.1 23.1     
1998 45704 31.2 46.1 22.7     
1999 49500 30.9 48.4 20.7     
2000 49712 28.7 49.7 21.6     
2001 49415 26.8 51.9 21.3     
2002 49533 25.2 52.8 22.0     
2003 49250 23.1 53.6 23.3     
2004 49373 22.9 51.6 25.5     

 



Annex I-9                                                                                                                                                               

Annex I-9 
Development of defoliation of most common species (1997-2004). 
 
Picea abies 

ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25% 

1997 1285 64.4 23.1 12.5  1997 8253 20.9 31.0 48.1 
1998 1314 57.2 30.2 12.6  1998 7269 30.3 34.2 35.5 
1999 1336 55.0 31.9 13.1  1999 7551 31.1 34.0 34.9 
2000 1333 56.5 26.8 16.7  2000 7528 28.6 35.7 35.7 
2001 1216 61.6 25.5 12.9  2001 7324 26.7 37.9 35.4 
2002 1196 60.0 24.9 15.1  2002 7381 26.9 35.2 37.9 
2003 1178 55.2 27.8 17.0  2003 7435 26.6 36.9 36.5 
2004 1162 52.6 30.1 17.3  2004 7484 24.3 34.0 41.7 

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 

(LOWER) 
Number of 

trees 
0-10% >10-25% >25% 

1997 116 40.5 41.4 18.1  1997 83 77.1 14.5 8.4 
1998 116 26.7 42.3 31.0  1998 76 42.1 35.5 22.4 
1999 128 27.3 45.4 27.3  1999 87 56.3 25.3 18.4 
2000 128 25.8 51.5 22.7  2000 82 65.8 23.2 11.0 
2001 116 31.0 42.3 26.7  2001 81 65.5 22.2 12.3 
2002 103 35.0 47.5 17.5  2002 108 40.7 30.6 28.7 
2003 116 44.8 36.2 19.0  2004 101 37.6 34.7 27.7 
2004 115 47.8 33.9 18.3  2004 101 30.7 35.6 33.7 

MOUNTAIN- 
OUS (NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 735 44.8 21.5 33.7  1997 5383 55.4 26.7 17.9 
1998 728 45.5 20.2 34.3  1998 5803 53.4 27.3 19.3 
1999 724 48.9 22.9 28.2  1999 5927 55.4 27.6 17.0 
2000 713 47.5 26.6 25.9  2000 6106 53.6 28.8 17.6 
2001 791 53.6 18.7 27.7  2001 5995 51.7 30.5 17.8 
2002 837 49.1 23.4 27.5  2002 5958 51.2 31.4 17.4 
2003 862 54.2 20.5 25.3  2003 6001 47.8 34.5 17.7 
2004 916 61.0 19.3 19.7  2004 5986 44.7 32.9 22.4 

BOREAL Number of 
trees 

0-10% >10-25% >25%  
BOREAL 

(TEMPERATE) 
Number of 

trees 
0-10% >10-25% >25% 

1997 5805 40.9 32.1 27.0  1997 4653 37.6 42.6 19.8 
1998 5878 39.7 33.9 26.4  1998 4587 38.4 41.3 20.3 
1999 5864 40.0 32.9 27.1  1999 4559 33.6 42.8 23.6 
2000 5780 37.3 36.6 26.1  2000 4566 38.2 41.8 20.0 
2001 5739 35.0 35.4 29.6  2001 4548 35.9 45.2 18.9 
2002 5701 37.5 35.9 26.6  2002 4558 45.9 41.7 12.4 
2003 5640 36.0 35.4 28.6  2003 4587 41.2 43.7 15.1 
2004 6209 38.6 35.7 25.7  2004 4539 39.8 41.2 19.0 

CONTINENTAL Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1997 540 33.7 30.9 35.4  1997 26908 38.4 31.7 29.9 
1998 511 34.4 29.2 36.4  1998 26341 40.9 33.1 26.0 
1999 502 37.2 31.1 31.7  1999 26728 40.9 33.3 25.8 
2000 465 31.6 34.9 33.5  2000 26750 40.0 34.6 25.4 
2001 463 42.5 29.4 28.1  2001 26322 38.8 35.5 25.7 
2002 455 37.2 32.5 30.3  2002 26346 40.6 34.7 24.7 
2003 447 33.5 33.5 32.9  2003 26416 38.5 36.2 25.3 
2004 395 37.2 37.7 25.1  2004 26956 37.6 34.7 27.7 

 

Pinus sylvestris 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 1165 49.9 41.2 8.9  1997 216 59.3 24.5 16.2 
1998 1243 47.9 42.8 9.3  1998 216 52.3 36.1 11.6 
1999 1318 45.0 42.3 12.7  1999 217 43.7 42.9 13.4 
2000 1361 43.5 42.8 13.7  2000 212 57.5 32.1 10.4 
2001 1360 36.5 49.8 13.7  2001 211 51.7 33.6 14.7 
2002 1362 42.9 41.0 16.1  2002 212 44.8 42.9 12.3 
2003 1379 42.9 43.1 14.0  2003 210 48.6 35.7 15.7 
2004 1370 45.0 40.7 14.3  2004 210 50.9 36.7 12.4 
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Pinus sylvestris 
SUB-

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIHGER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 10366 18.8 48.5 32.7  1997 779 40.6 45.0 14.4 
1998 10650 19.8 52.9 27.3  1998 780 41.7 45.2 13.1 
1999 10676 20.0 54.9 25.1  1999 869 45.8 43.7 10.5 
2000 10683 18.2 55.9 25.9  2000 866 48.0 42.5 9.5 
2001 10677 17.3 57.4 25.3  2001 869 48.1 39.5 12.4 
2002 10545 15.7 57.7 26.6  2002 870 43.3 41.4 15.3 
2003 10586 14.0 58.9 27.1  2003 865 37.6 47.5 14.9 
2004 10638 14.0 56.5 29.5  2004 865 37.1 45.8 17.1 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 

OUS (NORTH) 
Number of 

trees 
0-10% >10-25% >25% 

1997 138 48.6 36.2 15.2  1997 823 47.0 36.6 16.4 
1998 138 50.0 34.8 15.2  1998 823 44.7 39.4 15.9 
1999 155 49.0 31.6 19.4  1999 826 48.3 37.5 14.2 
2000 154 40.9 44.2 14.9  2000 825 52.8 36.5 10.7 
2001 154 38.3 46.1 15.6  2001 843 53.6 36.2 10.2 
2002 154 37.0 44.2 18.8  2002 841 49.5 38.6 11.9 
2003 155 31.0 49.6 19.4  2003 851 54.6 35.3 10.1 
2004 155 28.4 53.5 18.1  2004 871 62.9 28.7 8.4 

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
BOREAL Number of 

trees 
0-10% >10-25% >25% 

1997 2574 23.7 37.3 39.0  1997 7814 65.0 28.2 6.8 
1998 2636 26.0 31.9 42.1  1998 7822 65.6 28.8 5.6 
1999 2568 31.2 34.1 34.7  1999 7806 65.6 28.5 5.9 
2000 2190 28.0 41.0 31.0  2000 7836 65.9 29.3 4.8 
2001 2128 36.4 37.7 25.9  2001 7903 59.7 32.3 8.0 
2002 2119 27.1 44.6 28.3  2002 7954 58.4 35.5 6.1 
2003 2392 19.4 50.5 30.1  2003 7930 55.6 37.4 7.0 
2004 2295 19.9 45.6 34.5  2004 9536 59.6 34.9 5.5 

BOREAL 
(TEMP.) 

Number of 
trees 

0-10% >10-25% >25%  
CONTINENTAL Number of 

trees 
0-10% >10-25% >25% 

1997 10654 17.3 52.1 30.6  1997 435 44.2 17.2 38.6 
1998 10679 21.8 50.9 27.3  1998 449 50.2 12.2 37.6 
1999 10631 19.3 57.1 23.6  1999 370 58.6 23.0 18.4 
2000 10576 23.4 57.2 19.4  2000 503 55.9 26.2 17.9 
2001 10650 21.3 60.9 17.8  2001 544 43.9 37.7 18.4 
2002 10611 31.9 57.1 11.0  2002 500 44.0 32.6 23.4 
2003 10610 35.9 54.5 9.6  2003 482 38.2 38.4 23.4 
2004 10576 36.7 53.9 9.4  2004 451 35.0 41.5 23.5 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1997 34964 31.9 43.1 25.0       
1998 35436 33.8 43.8 22.4       
1999 35436 33.6 46.5 19.9       
2000 35206 34.4 47.5 18.1       
2001 35339 32.2 49.9 17.9       
2002 35168 34.2 49.7 16.1       
2003 35460 33.5 50.3 16.2       
2004 36967 36.0 47.7 16.3       

 

Fagus sylvatica 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 965 38.5 40.6 20.9  1997 252 35.7 43.7 20.6 
1998 966 31.3 46.7 22.0  1998 229 46.7 47.2 6.1 
1999 993 24.9 49.8 25.3  1999 230 42.2 51.7 6.1 
2000 994 22.8 43.9 33.3  2000 238 53.8 39.5 6.7 
2001 1011 31.0 43.6 25.4  2001 239 59.4 38.1 2.5 
2002 1029 25.2 46.2 28.6  2002 240 36.7 53.3 10.0 
2003 1034 30.1 45.8 24.1  2003 239 31.4 53.5 15.1 
2004 1041 18.7 40.1 41.2  2004 241 16.2 63.9 19.9 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 3185 27.0 51.1 21.9  1997 761 38.7 34.8 26.5 
1998 3367 28.5 48.4 23.1  1998 786 36.0 35.8 28.2 
1999 3504 24.0 52.0 24.0  1999 891 34.2 38.9 26.9 
2000 3435 27.5 48.0 24.5  2000 892 33.7 42.0 24.3 
2001 3459 24.3 47.1 28.6  2001 909 28.9 41.4 29.7 
2002 3490 27.8 49.1 23.1  2002 873 30.1 44.1 25.8 
2003 3514 25.8 50.4 23.8  2003 848 29.5 49.3 21.2 
2004 3534 17.8 46.3 35.9  2004 852 26.3 48.7 25.0 
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Fagus sylvatica 
MEDITERR. 

(LOWER) 
Number of 

trees 
0-10% >10-25% >25%  

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 617 47.5 31.9 20.6  1997 3419 36.5 44.3 19.2 
1998 629 47.2 32.8 20.0  1998 3513 40.4 42.3 17.3 
1999 828 36.7 37.5 25.8  1999 3638 37.0 43.5 19.5 
2000 826 36.3 38.8 24.9  2000 3862 39.9 41.8 18.3 
2001 832 28.6 39.9 31.5  2001 3663 31.3 46.8 21.9 
2002 821 31.4 45.8 22.8  2002 3716 33.4 46.3 20.3 
2003 791 31.7 48.1 20.2  2003 3748 29.6 45.4 25.0 
2004 851 26.9 48.9 24.2  2004 3607 28.0 48.6 23.4 

CONTINENTAL Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-

10% 
>10-
25% >25% 

1997 1637 48.0 32.9 19.1  1997 10841 36.4 42.8 20.8 
1998 1755 46.6 34.8 18.6  1998 11250 37.2 42.5 20.3 
1999 1448 51.1 26.5 22.4  1999 11537 33.6 43.9 22.5 
2000 1436 49.4 27.6 23.0  2000 11689 35.5 41.9 22.6 
2001 1576 48.3 28.2 23.5  2001 11696 31.7 43.0 25.3 
2002 1636 51.8 30.1 18.1  2002 11812 33.2 44.9 21.9 
2003 1559 50.2 31.8 18.0  2003 11740 31.4 45.8 22.8 
2004 1509 49.1 35.5 15.4  2004 11642 26.3 45.9 27.8 

 

Quercus ilex and Q. rotundifolia 
MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 

(LOWER) 
Number of 

trees 
0-10% >10-25% >25% 

1997 863 25.8 53.5 20.7  1997 2567 27.9 55.3 16.8 
1998 813 32.3 50.8 16.9  1998 2552 29.5 54.7 15.8 
1999 934 25.9 55.0 19.1  1999 3190 21.4 56.4 22.2 
2000 928 26.4 55.0 18.6  2000 3211 17.2 60.2 22.6 
2001 929 24.3 58.6 17.1  2001 3225 19.1 64.2 16.7 
2002 929 17.7 60.2 22.1  2002 3212 17.4 63.6 19.0 
2003 931 20.2 56.7 23.1  2003 3186 13.9 64.8 21.3 
2004 955 19.8 60.3 19.9  2004 3188 19.7 63.0 17.3 

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1997 155 24.5 41.3 34.2  1997 3675 27.2 54.6 18.2 
1998 155 25.2 64.5 10.3  1998 3610 30.0 54.3 15.7 
1999 240 30.0 54.2 15.8  1999 4454 23.0 56.0 21.0 
2000 281 31.7 56.9 11.4  2000 4510 20.3 58.5 21.2 
2001 282 25.2 53.9 20.9  2001 4526 20.6 62.0 17.4 
2002 281 22.4 44.1 33.5  2002 4512 17.8 61.5 20.7 
2003 237 16.0 42.2 41.8  2003 4444 15.8 61.3 22.9 
2004 281 19.6 48.7 31.7  2004 4514 19.9 61.4 18.7 

 

Pinus pinaster 
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 1279 58.0 28.6 13.4  1997 475 65.5 20.2 14.3 
1998 1283 41.8 41.7 16.5  1998 466 65.4 25.8 8.8 
1999 1458 58.0 34.4 7.6  1999 544 57.7 29.8 12.5 
2000 1409 58.4 33.2 8.4  2000 511 58.2 29.5 12.3 
2001 1421 54.4 38.8 6.8  2001 510 59.2 35.1 5.7 
2002 1401 52.3 38.3 9.4  2002 512 51.4 41.4 7.2 
2003 1373 49.2 39.5 11.3  2003 512 47.6 42.0 10.4 
2004 1372 48.1 38.3 13.6  2004 506 51.6 35.8 12.6 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN. 

(SOUTH) 
Number of 

trees 
0-10% >10-25% >25% 

1997 1547 42.5 45.6 11.9  1997 71 78.8 12.7 8.5 
1998 1521 43.8 46.0 10.2  1998 69 71.1 15.9 13.0 
1999 1755 42.9 47.4 9.7  1999 134 79.2 10.4 10.4 
2000 1755 45.9 45.9 8.2  2000 130 76.9 13.1 10.0 
2001 1747 46.4 46.9 6.7  2001 129 69.8 18.6 11.6 
2002 1743 46.9 45.9 7.2  2002 129 58.2 30.2 11.6 
2003 1553 43.7 45.0 11.3  2003 129 47.3 40.3 12.4 
2004 1501 42.5 42.0 15.5  2004 128 50.0 41.4 8.6 
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Pinus pinaster 
ALL REGIONS Number of 

trees 
0-10% >10-25% >25%  

  
   

1997 3372 52.4 34.9 12.7       
1998 3339 46.6 40.9 12.5       
1999 3891 51.8 38.8 9.4       
2000 3805 53.2 37.9 8.9       
2001 3807 51.9 41.3 6.8       
2002 3785 49.8 42.0 8.2       
2003 3567 46.5 42.3 11.2       
2004 3507 46.3 39.6 14.1       

 
Quercus suber 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1997 1434 33.9 53.1 13.0  1997 1502 36.7 50.8 12.5 
1998 1434 26.9 57.6 15.5  1998 1501 29.6 55.6 14.8 
1999 1541 23.4 56.9 19.7  1999 1632 25.6 55.1 19.3 
2000 1563 21.5 61.8 16.7  2000 1654 22.9 61.0 16.1 
2001 1564 22.2 58.6 19.2  2001 1654 22.8 58.9 18.3 
2002 1587 22.3 59.5 18.2  2002 1678 22.6 59.6 17.8 
2003 1571 19.4 54.1 26.5  2003 1638 20.0 54.4 25.6 
2004 1587 20.6 52.9 26.5  2004 1655 21.8 52.5 25.7 

 

Quercus robur and Q. petraea 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 1230 24.2 46.3 29.5  1997 1431 20.3 40.4 39.3 
1998 1296 25.1 45.5 29.4  1998 1450 25.7 40.0 34.3 
1999 1299 21.7 48.3 30.0  1999 1475 25.6 48.0 26.4 
2000 1287 28.1 51.2 20.7  2000 1495 29.8 44.5 25.7 
2001 1294 18.8 49.7 31.5  2001 1483 25.0 46.8 28.2 
2002 1300 17.8 48.2 34.0  2002 1488 21.6 50.0 28.4 
2003 1292 16.8 48.9 34.3  2003 1502 17.1 46.6 36.3 
2004 1294 15.8 47.1 37.1  2004 1502 19.2 45.2 35.6 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 2606 11.3 46.4 42.3  1997 211 15.6 45.1 39.3 
1998 2666 16.0 44.7 39.3  1998 217 19.4 41.9 38.7 
1999 2727 16.9 50.5 32.6  1999 220 25.0 44.5 30.5 
2000 2736 14.7 51.2 34.1  2000 219 23.3 47.0 29.7 
2001 2739 14.3 51.9 33.8  2001 222 17.6 51.8 30.6 
2002 2748 16.0 52.3 31.7  2002 215 13.5 53.9 32.6 
2003 2750 11.3 48.7 40.0  2003 211 10.4 54.1 35.5 
2004 2763 10.0 45.6 44.4  2004 218 8.7 51.4 39.9 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 515 21.4 40.5 38.1  1997 693 14.1 30.4 55.5 
1998 585 20.0 38.8 41.2  1998 737 14.8 36.0 49.2 
1999 631 23.9 43.8 32.3  1999 719 13.9 40.5 45.6 
2000 628 26.0 39.9 34.1  2000 789 14.7 40.8 44.5 
2001 629 27.2 45.3 27.5  2001 683 18.0 41.4 40.6 
2002 634 26.0 48.8 25.2  2002 672 13.1 46.6 40.3 
2003 626 23.6 50.0 26.4  2003 689 13.4 44.9 41.7 
2004 643 28.0 45.9 26.1  2004 763 16.1 40.0 43.9 

BOREAL 
(TEMPERATE) 

Number of 
trees 

0-10% >10-25% >25%  
CONTINENTAL Number of 

trees 
0-10% >10-25% >25% 

1997 308 15.9 43.2 40.9  1997 842 19.4 35.2 45.4 
1998 303 23.1 42.6 34.3  1998 851 20.9 35.6 43.5 
1999 289 14.9 48.8 36.3  1999 781 29.1 33.9 37.0 
2000 310 27.1 42.3 30.6  2000 814 24.0 26.2 49.8 
2001 312 22.1 48.7 29.2  2001 813 23.9 29.4 46.7 
2002 304 31.6 51.3 17.1  2002 652 23.9 30.1 46.0 
2003 307 18.2 48.6 33.2  2003 646 19.7 36.8 43.5 
2004 308 21.8 41.5 36.7  2004 678 21.2 35.7 43.1 
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Quercus robur and Q. petraea 
ALL REGIONS Number of 

trees 
0-10% >10-25% >25%  

  
   

1997 7846 17.1 42.1 40.8       
1998 8115 20.3 41.6 38.1       
1999 8150 20.9 46.4 32.7       
2000 8286 22.0 45.2 32.8       
2001 8183 19.6 46.9 33.5       
2002 8019 19.0 48.7 32.3       
2003 8030 15.3 47.3 37.4       
2004 8175 15.9 44.5 39.6       

 

Abies alba 
SUB- 

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 640 30.9 28.4 40.7  1997 125 30.4 17.6 52.0 
1998 647 29.4 29.1 41.5  1998 123 32.5 13.8 53.7 
1999 688 29.2 32.0 38.8  1999 141 31.2 17.7 51.1 
2000 647 29.5 29.8 40.7  2000 141 28.4 17.7 53.9 
2001 637 30.0 25.3 44.7  2001 128 24.2 18.8 57.0 
2002 679 32.8 27.4 39.8  2002 129 26.4 19.4 54.2 
2003 678 30.2 32.3 37.5  2003 128 25.0 19.5 55.5 
2004 682 29.8 33.0 37.2  2004 128 21.1 19.5 59.4 

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
CONTINENTAL Number of 

trees 
0-10% >10-25% >25% 

1997 1055 35.4 33.7 30.9  1997 176 17.6 26.7 55.7 
1998 1046 34.4 35.7 29.9  1998 181 16.0 30.9 53.1 
1999 1070 32.6 38.5 28.9  1999 170 20.0 28.8 51.2 
2000 1109 34.8 38.1 27.1  2000 164 15.2 33.5 51.3 
2001 1057 36.9 38.6 24.5  2001 164 29.9 31.1 39.0 
2002 1079 34.9 38.0 27.1  2002 166 28.3 36.2 35.5 
2003 1129 31.1 37.5 31.4  2003 166 21.1 46.4 32.5 
2004 1128 35.1 34.9 30.0  2004 171 28.1 32.2 39.7 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1997 2060 32.2 31.0 36.8    
1998 2060 31.5 32.1 36.4    
1999 2131 30.8 34.1 35.1    
2000 2098 31.6 33.6 34.8    
2001 2020 33.7 32.4 33.9    
2002 2086 33.4 33.3 33.3    
2003 2136 30.1 35.3 34.6    
2004 2146 32.3 33.1 34.6    

 

Picea sitchensis 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ALL REGIONS Number of 

trees 
0-10% >10-25% >25% 

1997 972 42.8 39.3 17.9  1997 995 44.1 38.4 17.5 
1998 1017 36.5 37.6 25.9  1998 1039 37.8 36.9 25.3 
1999 923 44.9 34.9 20.2  1999 945 46.2 34.1 19.7 
2000 970 41.4 35.8 22.8  2000 992 42.7 35.0 22.3 
2001 941 37.4 38.8 23.8  2001 963 38.5 38.2 23.3 
2002 921 29.4 41.3 29.3  2002 943 30.2 41.2 28.6 
2003 900 28.2 41.5 30.3  2003 922 29.2 41.2 29.6 
2004 881 32.6 38.9 28.5  2004 902 33.5 38.7 27.8 
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All species 
ATLANTIC 
(NORTH) 

Number of 
trees 

0-10% >10-25% >25%  
ATLANTIC 
(SOUTH) 

Number of 
trees 

0-10% >10-25% >25% 

1997 6919 46.0 37.5 16.5  1997 5720 45.0 31.6 23.4 
1998 7109 42.8 39.4 17.8  1998 5724 42.9 35.2 21.9 
1999 7190 42.0 39.9 18.1  1999 6336 49.3 35.8 14.9 
2000 7247 43.2 38.0 18.8  2000 6215 48.8 34.6 16.6 
2001 7137 40.7 39.7 19.6  2001 6215 45.7 39.9 14.4 
2002 7159 38.9 39.0 22.1  2002 6196 39.6 42.5 17.9 
2003 7120 37.9 40.3 21.8  2003 6136 35.6 41.2 23.2 
2004 7109 35.1 39.7 25.2  2004 6096 34.5 41.6 23.9 
SUB-

ATLANTIC 
Number of 

trees 
0-10% >10-25% >25%  

MEDITERR. 
(HIGHER) 

Number of 
trees 

0-10% >10-25% >25% 

1997 28382 22.0 42.3 35.7  1997 7402 33.5 39.6 26.9 
1998 28077 25.9 44.2 29.9  1998 7387 36.4 41.3 22.3 
1999 28774 26.0 46.2 27.8  1999 8423 34.3 43.7 22.0 
2000 28572 24.8 46.6 28.6  2000 8379 32.9 45.7 21.4 
2001 28348 23.4 47.5 29.1  2001 8389 28.7 46.4 24.9 
2002 28414 22.9 47.9 29.2  2002 8235 27.3 47.5 25.2 
2003 28437 20.9 48.6 30.5  2003 8233 25.0 49.9 25.1 
2004 28594 18.7 46.2 35.1  2004 8401 25.4 49.7 24.9 

MEDITERR. 
(LOWER) 

Number of 
trees 

0-10% >10-25% >25%  
MOUNTAIN- 

OUS (NORTH) 
Number of 

trees 
0-10% >10-25% >25% 

1997 12101 35.3 46.6 18.1  1997 2632 42.7 34.3 23.0 
1998 12099 34.8 46.5 18.7  1998 2673 42.7 33.7 23.6 
1999 14446 31.4 49.0 19.6  1999 2672 43.9 34.7 21.4 
2000 14542 29.5 50.9 19.6  2000 2686 46.6 35.8 17.6 
2001 14604 28.1 52.4 19.5  2001 2864 48.9 32.4 18.7 
2002 14691 26.6 53.3 20.1  2002 2975 44.9 34.8 20.3 
2003 14266 24.2 53.6 22.2  2003 3025 47.9 33.0 19.1 
2004 14323 26.0 52.9 21.1  2004 3302 51.4 28.7 19.9 

MOUNTAIN- 
OUS (SOUTH) 

Number of 
trees 

0-10% >10-25% >25%  
BOREAL 

0-10% >10-25% >25% 0-10% 

1997 17757 38.2 34.8 27.0  1997 15922 56.1 29.3 14.6 
1998 18560 39.1 33.5 27.4  1998 15978 55.6 30.5 13.9 
1999 19778 39.7 35.4 24.9  1999 15892 55.5 30.0 14.5 
2000 20029 38.8 36.7 24.5  2000 15870 53.9 32.7 13.4 
2001 19692 37.0 37.9 25.1  2001 15860 50.0 33.7 16.3 
2002 19268 36.2 39.2 24.6  2002 15879 50.3 35.8 13.9 
2003 19516 32.8 41.3 25.9  2003 15808 48.4 36.4 15.2 
2004 19617 31.3 41.1 27.6  2004 18659 52.1 35.0 12.9 

BOREAL 
(TEMP.) 

Number of 
trees 

0-10% >10-25% >25%  
CONTINENTAL Number of 

trees 
0-10% >10-25% >25% 

1997 19935 27.1 48.0 24.9  1997 6394 35.5 32.1 32.4 
1998 19893 29.2 47.3 23.5  1998 6922 33.7 31.8 34.5 
1999 19801 25.6 52.8 21.6  1999 6167 41.8 29.9 28.3 
2000 19815 28.7 52.6 18.7  2000 6323 38.7 27.9 33.4 
2001 19933 27.5 55.5 17.0  2001 6538 39.4 31.2 29.4 
2002 19906 37.0 51.8 11.2  2002 6418 37.9 34.6 27.5 
2003 19942 37.5 50.3 12.2  2003 6174 34.5 35.9 29.6 
2004 19815 38.0 49.4 12.6  2004 6013 36.5 36.1 27.4 

ALL REGIONS Number of 
trees 

0-10% >10-25% >25%  
  

   

1997 123452 35.1 39.3 25.6     
1998 124734 36.2 39.9 23.9     
1999 129791 35.9 41.9 22.2     
2000 129990 35.4 42.6 22.0     
2001 129892 33.5 44.2 22.3     
2002 129453 34.0 44.7 21.3     
2003 128969 32.2 45.2 22.6     
2004 132241 32.6 43.9 23.5     
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    Period 1990 - 2004   Period 1997 - 2004 

Year No. of trees Mean defoliation Standard error  No. of trees Mean defoliation Standard error 
 

N x  s x   = s/√N  
N x  s x   = s/√N 

Pinus sylvestris        
1990 11630 24.3 0.15     
1991 11877 26.2 0.14     
1992 11887 26.9 0.14     
1993 11924 26.6 0.14     
1994 11292 27.7 0.14     
1995 11113 26.0 0.14     
1996 11154 23.3 0.13     
1997 11115 22.5 0.12  34964 20.7 0.08 
1998 11608 21.9 0.12  35436 20.0 0.08 
1999 11847 21.3 0.11  35436 19.3 0.07 
2000 11764 21.9 0.12  35206 18.8 0.07 
2001 11794 21.8 0.11  35339 19.2 0.07 
2002 11670 22.4 0.12  35168 18.6 0.07 
2003 11708 22.5 0.12  35460 18.7 0.07 
2004 11741 22.7 0.12  36967 18.4 0.07 

Picea abies        
1990 6485 22.4 0.22     
1991 6634 22.5 0.21     
1992 6660 23.3 0.20     
1993 6584 24.3 0.22     
1994 6553 25.7 0.23     
1995 6700 24.6 0.23     
1996 6707 22.3 0.21     
1997 6615 22.9 0.20  26908 20.4 0.1 
1998 7887 22.0 0.18  26341 19.2 0.1 
1999 7855 21.8 0.18  26728 19.3 0.1 
2000 7779 22.9 0.18  26750 19.4 0.1 
2001 7504 22.7 0.17  26322 19.4 0.1 
2002 7523 23.3 0.18  26346 19.1 0.1 
2003 7568 23.2 0.18  26416 19.6 0.1 
2004 7484 25.3 0.19  26956 20.3 0.1 

Quercus robur 
and Q. petraea 

       

1990 2633 21.0 0.34     
1991 2640 23.4 0.33     
1992 2609 24.1 0.32     
1993 2615 26.2 0.32     
1994 2559 27.6 0.34     
1995 2643 26.9 0.34     
1996 2619 27.9 0.36     
1997 2651 26.3 0.32  7846 27.2 0.20 
1998 2764 25.9 0.31  8115 26.0 0.20 
1999 2839 23.8 0.28  8150 24.2 0.18 
2000 2868 23.5 0.28  8286 24.2 0.18 
2001 2879 23.7 0.27  8183 24.7 0.18 
2002 2889 23.3 0.27  8019 23.9 0.17 
2003 2902 24.6 0.26  8030 26.0 0.17 
2004 2998 26.5 0.31  8175 26.8 0.18 

Fagus sylvatica        
1990 4015 17.9 0.22     
1991 4064 17.2 0.21     
1992 4091 20.8 0.23     
1993 4109 20.0 0.24     
1994 3948 21.6 0.22     
1995 4127 22.2 0.22     
1996 4092 21.1 0.21     
1997 4163 20.6 0.20  10841 19.2 0.14 
1998 4417 19.5 0.20  11250 18.9 0.14 
1999 4568 20.6 0.19  11537 19.8 0.14 
2000 4637 20.5 0.21  11689 19.8 0.15 
2001 4640 21.5 0.21  11696 20.8 0.14 
2002 4649 20.0 0.19  11812 19.9 0.14 
2003 4678 21.7 0.20  11740 20.3 0.14 
2004 4693 24.2 0.22  11642 22.3 0.14 
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    Period 1990 - 2004   Period 1997 - 2004 

Year No. of trees Mean defoliation Standard error  No. of trees Mean defoliation Standard error 
 

N x  s x   = s/√N  
N x  s x   = s/√N 

Pinus pinaster        
1990 2654 13.2 0.30     
1991 2589 15.8 0.37     
1992 2599 14.0 0.33     
1993 2452 12.1 0.33     
1994 2542 12.5 0.31     
1995 2381 12.8 0.28     
1996 2350 14.6 0.36     
1997 2333 15.5 0.33  3372 16.3 0.31 
1998 2332 15.8 0.32  3339 16.7 0.27 
1999 2886 16.5 0.32  3891 15.8 0.27 
2000 2859 17.8 0.38  3805 16.5 0.31 
2001 2842 14.7 0.23  3807 14.4 0.21 
2002 2840 15.4 0.24  3785 15.3 0.22 
2003 2622 16.1 0.27  3567 16.4 0.25 
2004 2579 18.6 0.37  3507 18.1 0.31 

Quercus ilex 
and 

Q. rotundifolia 

       

1990 3074 13.8 0.25     
1991 3064 16.0 0.22     
1992 3080 17.4 0.24     
1993 3055 16.0 0.17     
1994 3027 19.6 0.29     
1995 3052 24.0 0.28     
1996 3034 22.6 0.27     
1997 3034 19.4 0.25  3675 20.4 0.24 
1998 3026 18.5 0.23  3610 19.3 0.21 
1999 3820 21.1 0.23  4454 21.2 0.21 
2000 3852 20.9 0.19  4510 21.1 0.18 
2001 3853 20.2 0.19  4526 20.7 0.18 
2002 3857 21.2 0.18  4512 21.7 0.18 
2003 3859 22.3 0.22  4444 22.8 0.21 
2004 3855 20.3 0.17  4514 21.0 0.18 
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Annex II-1 
Forests and surveys in European countries (2004) 
 

Participating Total Forest Coniferous Broadleav. Area Grid  No. of No. of 
countries area area forest forest surveyed size sample sample 

 (1000 ha) (1000 ha) (1000 ha) (1000 ha) (1000 ha) (km x km) plots trees 

Albania 2875 1036 172 607 779  10x10 299 8970 
Andorra 47 17 15 2 17 16 x 16 3 72 
Austria  8385 3878 2683 798 3481 16 x 16 136 3582 
Belarus 20760 7845 4728 3117 7845 16 x 16 406 9603 
Belgium  3035 691 281 324 691 4² / 8²  125 2966 
Bulgaria 11100 3314 1172 2142 3314 4²/8²/16² 124 4356 
Croatia 5654 2061 321 1740 2061 16 x 16 87 2082 
Cyprus 925 298 172 0 138 16x16 15 360 
Czech Republic 7886 2630 2057 573 2630 8²/16² 140 6585 
Denmark 4300 468 294 174 468 7²/16² 24 576 
Estonia   4510 2267 1113 1154 2267 16 x 16 93 2201 
Finland 30460 20302 18058 1962 20020 16² / 24x32 594 11210 
France 54926 14591 9228 4058 1305 16 x 16 511 10219 
Germany 35562 11076 6084 4236 10890 16² / 4² 451 13741 
Greece 12890 2512 954 1080 no survey in 2004 
Hungary 9300 1836 244 1592 1836 4 x 4 1204 28313 
Ireland 8442 650 399 37 399 16 x 16 19 403 
Italy   30128 8675 1735 6940 8675 16 x 16 255 7111 
Latvia 6459 2923 1565 1209 2923 8 x 8 352 8384 
Liechtenstein 16 8 6 2 no survey in 2004 
Lithuania  6520 2069 1159 809 2069 8x8/16x16 261 6243 
Luxembourg 259 89 30 54 no survey in 2004 
Rep. of Moldova 3376 318 6 312 318 2x2/2x4 680 11895 
The Netherlands  3482 334 158 52 210 16 x 16 11 232 
Norway  32376 12000 6800 5200 12000 3²/9² 1566 8191 
Poland 31268 8894 6848 2046 6968 16 x 16 1276 25520 
Portugal 8893 3234 1081 2153 3234 16 x 16 133 3990 
Romania 23750 6244 1929 4315 6244 4 x 4 3827 100041 
Russian Fed. 11100 8125     no survey in 2004 

Serbia and Montenegro  8836 2360 179 2181 1868 16 x 16 130 3031 
Slovak Republic 4901 1961 815 1069 1961 16 x 16 108 4216 
Slovenia  2027 1099 410 688 1099 16 x 16 42 1008 
Spain  50471 11588 5910 4056 11588 16 x 16 620 14880 
Sweden 41000 23400 19600 900 20600 varying 2819 14805 
Switzerland 4129 1186 818 368 1186 16 x 16 48 1041 
Turkey  77945 20199 9426 10773 no survey in 2004 
Ukraine  60350 9316 3969 5347 918 16 x 16 57 1395 
United Kingdom 24100 2156 1520 636 2156 random 347 8328 
TOTAL 652443 201650 111939 72706 142158 varying 16763 325550 

 
Serbia and Montenegro: Serbia only. 
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Annex II-2 
Defoliation of all species by classes and class aggregates (2004) 

 

Participating Area No. of 0 1 2 3+4 2+3+4 
countries surveyed sample none slight moderate severe  

 (1000 ha) trees    and dead  

Albania  8970 42.7 45.1 10.9 1.3 12.2 
Andorra 17 72 16.7 47.1 25.0 11.1 36.1 
Austria  3481 3582 51.4 35.4 10.4 2.8 13.1 
Belarus 7845  9603 40.0 50.0 7.7 2.3 10.0 
Belgium 691 2966 38.2 42.4 16.5 2.9 19.4 
Bulgaria 3314 4356 19.8 40.5 34.8 4.9 39.7 
Croatia  2061 2082 35.3 39.5 22.8 2.4 25.2 
Cyprus 138  360 22.5 65.3 12.2 0.0 12.2 
Czech Republic  2630  6585 11.7 31.0 56.2 1.1 57.3 
Denmark 468  576 64.9 23.3 8.7 3.1 11.8 
Estonia 2267  2201 49.4 45.3 4.8 0.5 5.3 
Finland 20020  11210 57.1 33.1 9.0 0.8 9.8 
France 13100  10219 32.0 36.3 27.7 4.0 31.7 
Germany 10890  13741 27.6 41.0 28.5 2.9 31.4 
Greece   no survey in 2004 
Hungary 1836  28313 39.9 38.6 15.6 5.9 21.5 
Ireland 399  403 56.8 25.8 15.9 1.5 17.4 
Italy   8675  7111 20.5 43.6 31.4 4.5 35.9 
Latvia 2923  8384 20.9 66.6 10.2 2.3 12.5 
Liechtenstein   no survey in 2004 
Lithuania 2069  6243 10.7 75.4 11.4 2.5 13.9 
Luxembourg   no survey in 2004 
Rep. of Moldova 318 11895 30.1 35.9 28.6 5.4 34.0 
The Netherlands 210  232 52.2 20.3 23.7 3.8 27.5 
Norway 12000  8191 43.3 36.0 17.7 3.0 20.7 
Poland 6968  25520 8.3 57.1 32.5 2.1 34.6 
Portugal 3234 3990 44.8 38.6 14.5 2.1 16.6 
Romania 6244  100041 62.5 25.8 10.3 1.4 11.7 
Russian Fed.   no survey in 2004 

Serbia and Montenegro 1868  3031 58.3 27.4 13.4 0.9 14.3 
Slovak Republic 1961  4216 11.3 62.0 25.7 1.0 26.7 
Slovenia  1099  1008 30.5 40.2 24.2 5.1 29.3 
Spain 11588  14880 24.0 61.0 11.9 3.1 15.0 
Sweden 20600  14805 48.8 34.7 13.9 2.6 16.5 
Switzerland 1186  1041 25.6 45.3 20.2 8.9 29.1 
Turkey   no survey in 2004 
Ukraine 918  1395 18.6 51.5 27.9 2.0 29.9 
United Kingdom 2156  8328 24.2 49.3 24.7 1.8 26.5 

 
Serbia and Montenegro: Serbia only. 

 
Note that some differences in the level of damage across national borders may be at least partly due to differences in 
standards used. This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-3 
Defoliation of conifers by classes and class aggregates (2004) 

 

Participating Coniferous No. of 0 1 2 3+4 2+3+4 
countries forest sample none slight moderate severe  

 (1000 ha) trees    and dead  

Albania 171 5370 27.4 58.6 12.6 1.4 14.0 
Andorra 15 72 16.7 47.1 25.0 11.1 36.1 
Austria 2683  3184 52.2 34.7 10.2 2.9 13.1 
Belarus 4728  7064  39.9 51.2 6.8 2.1 8.9 
Belgium 281  1071  39.9 44.5 13.4 2.2 15.6 
Bulgaria 1172  2467  13.7 39.2 41.1 6.0 47.1 
Croatia 321  313  5.8 23.6 62.3 8.3 70.6 
Cyprus 172  360  22.5 65.3 12.2 0.0 12.2 
Czech Republic  2057  5444  9.8 27.6 61.5 1.1 62.6 
Denmark 294  317  83.5 10.7 1.3 4.5 5.8 
Estonia 1177  2068  47.9 46.8 4.8 0.5 5.3 
Finland 18058  9297  56.7 33.2 9.3 0.8 10.1 
France 9228  3544  51.5 29.9 15.8 2.8 18.6 
Germany 6084  9490  30.2 43.5 24.6 1.7 26.3 
Greece 954     no survey in 2004 
Hungary 244  3988  34.2 41.6 18.1 6.1 24.2 
Ireland 399  403  56.8 25.8 15.9 1.5 17.4 
Italy   1735  2133  42.7 35.6 18.6 3.1 21.7 
Latvia 1565  6134  19.0 69.1 9.8 2.1 11.9 
Liechtenstein 6  no survey in 2004 
Lithuania 1159  4262  11.6 78.2 8.5 1.7 10.2 
Luxembourg 30  no survey in 2004 
Rep. of Moldova 6  66  48.0 16.5 34.2 1.3 35.5 
The Netherlands 158  151  75.5 7.3 13.9 3.3 17.2 
Norway 6800  6244  47.9 35.4 14.4 2.3 16.7 
Poland 3503  19480  7.9 58.7 31.3 2.1 33.4 
Portugal 1081  1177 53.7 35.5 10.0 0.8 10.8 
Romania 1929  24936  70.7 21.7 6.7 0.9 7.6 
Russian Fed.  5800    no survey in 2004 

Serbia and Montenegro 179  363  50.2 30.0 19.0 0.8 19.8 
Slovak Republic 815  1761  4.1 59.7 34.9 1.3 36.2 
Slovenia 410  388  29.1 33.5 32.2 5.2 37.4 
Spain 5910  7498  27.5 58.5 10.2 3.8 14.0 
Sweden 19600  13312  48.5 34.0 14.7 2.8 17.5 
Switzerland 818  737  25.1 47.5 20.7 6.7 27.4 
Turkey 9426  no survey in 2004 
Ukraine 3969  582  17.0 71.6 11.2 0.2 11.4 
United Kingdom 1520  4704  26.2 50.6 21.7 1.5 23.2 

 
Serbia and Montenegro: Serbia only. 

 
Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-4 
Defoliation of broadleaves by classes and class aggregates (2004) 
 

Participating Broadleav. No. of 0 1 2 3+4 2+3+4 
countries forest sample none slight moderate severe 

 (1000 ha) trees    and dead  

Albania 599  3600 58.1 31.6 9.2 1.1 10.3 
Andorra   only conifers assessed 
Austria 798  398  45.7 40.7 11.3 2.3 13.6 
Belarus 3117  2618 41.5 45.6 9.9 3.0 12.9 
Belgium 324  1895 36.3 42.4 18.0 3.3 21.3 
Bulgaria 2142  1889 27.7 42.2 26.7 3.4 30.1 
Croatia 1740  1769 40.5 42.3 15.8 1.4 17.2 
Cyprus   only conifers assessed 
Czech Republic 573  1141 20.8 47.4 30.6 1.2 31.8 
Denmark 174  269 42.6 38.3 17.6 1.5 19.1 
Estonia 1072  133 73.6 21.1 4.5 0.8 5.3 
Finland 1962  1913 59.0 32.6 7.3 1.1 8.4 
France 4058  6675 21.6 39.7 34.1 4.6 38.7 
Germany 4236  4251 22.5 36.0 37.6 3.9 41.5 
Greece 1080    no survey in 2004 
Hungary 1517  24325 40.8 38.2 15.0 6.0 21.0 
Ireland 37   only conifers assessed 
Italy 6940  4978 11.0 47.0 36.9 5.1 42.0 
Latvia 1209  2250 25.9 59.8 11.5 2.8 14.3 
Liechtenstein 2   no survey in 2004 
Lithuania 809  1981 8.6 69.6 17.6 4.2 21.8 
Luxembourg 54   no survey in 2004 
Rep. of Moldova   11829 30.0 36.1 28.5 5.4 33.9 
The Netherlands 52  81 13.5 39.6 42.0 4.9 46.9 
Norway 5200  1947 28.4 38.4 28.2 5.0 33.2 
Poland 738  6040 9.6 51.7 36.2 2.5 38.7 
Portugal 2153  2813  41.1 39.9 16.3 2.7 19.0 
Romania 4315  75105 59.8 27.2 11.5 1.5 13.0 
Russian Fed.  510    no survey in 2004 

Serbia and Montenegro 2181  2668 59.5 27.0 12.6 0.9 13.5 
Slovak Republic 1069  2455 16.5 63.6 19.1 0.8 19.9 
Slovenia  688  620 31.4 44.4 19.2 5.0 24.2 
Spain 4056  7382 20.3 63.6 13.5 2.6 16.1 
Sweden  900  1493 50.7 41.0 7.0 1.3 8.3 
Switzerland 368  304 26.7 40.5 19.1 13.7 32.8 
Turkey 10773   no survey in 2004 
Ukraine 5347  813 19.7 37.1 40.0 3.2 43.2 
United Kingdom 636  3624 21.8 47.6 28.5 2.1 30.6 

 
Norway: Special study on birch.   Serbia and Montenegro: Serbia only. 
 

Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-5 
Defoliation of all species (1993-2004) 

 All species change

Participating Defoliation classes 2-4 
% 

points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2003/
2004 

Albania           9.8 9.9 10.1 10.2 13.1   12.2  
Andorra            36.1  
Austria  8.2 7.8 6.6 7.9 7.1 6.7 6.8 8.9 9.7 10.2 11.1 13.1 2.0 
Belarus 29.3 37.4 38.3 39.7 36.3 30.5 26.0 24.0 20.7 9.5 11.3 10.0 -1.3 
Belgium  14.8 16.9 24.5 21.2 17.4 17.0 17.7 19.0 17.9 17.8 17.3 19.4 2.1 
Bulgaria 23.2 28.9 38.0 39.2 49.6 60.2 44.2 46.3 33.8 37.1 33.7 39.7 6.0 
Croatia 19.2 28.8 39.8 30.1 33.1 25.6 23.1 23.4 25.0 20.6 22.0 25.2 3.2 
Cyprus                 8.9 2.8 18.4 12.2 -6.2 
Czech Rep. 51.8 57.7 58.5 71.9 68.6 48.8 50.4 51.7 52.1 53.4 54.4 57.3 2.9 
Denmark 33.4 36.5 36.6 28.0 20.7 22.0 13.2 11.0 7.4 8.7 10.2 11.8 1.6 
Estonia 20.3 15.7 13.6 14.2 11.2 8.7 8.7 7.4 8.5 7.6 7.6 5.3 -2.3 
Finland 15.2 13.0 13.3 13.2 12.2 11.8 11.4 11.6 11.0 11.5 10.7 9.8 -0.9 
France 8.3 8.4 12.5 17.8 25.2 23.3 19.7 18.3 20.3 21.9 28.4 31.7 3.3 
Germany 24.2 24.4 22.1 20.3 19.8 21.0 21.7 23.0 21.9 21.4 22.5 31.4 8.9 
Greece  21.2 23.2 25.1 23.9 23.7 21.7 16.6 18.2 21.7 20.9      
Hungary 21.0 21.7 20.0 19.2 19.4 19.0 18.2 20.8 21.2 21.2 22.5 21.5 -1.0 
Ireland 29.6 19.7 26.3 13.0 13.6 16.1 13.0 14.6 17.4 20.7 13.9 17.4 3.5 
Italy  17.6 19.5 18.9 29.9 35.8 35.9 35.3 34.4 38.4 37.3 37.6 35.9 -1.7 
Latvia 35.0 30.0 20.0 21.2 19.2 16.6 18.9 20.7 15.6 13.8 12.5 12.5  
Liechtenstein                          
Lithuania  27.4 25.4 24.9 12.6 14.5 15.7 11.6 13.9 11.7 12.8 14.7 13.9 -0.8 
Luxembourg  23.8 34.8 38.3 37.5 29.9 25.3 19.2 23.4           

Rep. of Moldova 50.8   40.4 41.2       29.1 36.9 42.5 42.4 34.0 -8.4 
The Netherlands  25.0 19.4 32.0 34.1 34.6 31.0 12.9 21.8 19.9 21.7 18.0 27.5 9.5 
Norway 24.9 27.5 28.8 29.4 30.7 30.6 28.6 24.3 27.2 25.5 22.9 20.7 -2.2 
Poland 50.0 54.9 52.6 39.7 36.6 34.6 30.6 32.0 30.6 32.7 34.7 34.6 -0.1 
Portugal 7.3 5.7 9.1 7.3 8.3 10.2 11.1 10.3 10.1 9.6 13.0 16.6 3.6 
Romania 20.5 21.2 21.2 16.9 15.6 12.3 12.7 14.3 13.3 13.5 12.6 11.7 -0.9 
Russian Fed.    10.7 12.5           9.8 10.9       

Serbia and Monten.        3.6 7.7 8.4 11.2 8.4 14.0 3.9 22.8 14.3 -8.5 
Slovak Rep. 37.6 41.8 42.6 34.0 31.0 32.5 27.8 23.5 31.7 24.8 31.4 26.7 -4.7 
Slovenia  19.0 16.0 24.7 19.0 25.7 27.6 29.1 24.8 28.9 28.1 27.5 29.3 1.8 
Spain  13.0 19.4 23.5 19.4 13.7 13.6 12.9 13.8 13.0 16.4 16.6 15.0 -1.6 
Sweden   14.2 17.4 14.9 14.2 13.2 13.7 17.5 16.8 19.2 16.5 -2.7 
Switzerland 15.4 18.2 24.6 20.8 16.9 19.1 19.0 29.4 18.2 18.6 14.9 29.1 14.2 
Turkey                           
Ukraine  21.5 32.4 29.6 46.0 31.4 51.5 56.2 60.7 39.6 27.7 27.0 29.9 2.9 

United Kingdom 16.9 13.9 13.6 14.3 19.0 21.1 21.4 21.6 21.1 27.3 24.7 26.5 1.8 
 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years. 
Czech Republic: Only trees older than 60 years assessed until 1997.    France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.   Italy: Due to methodological changes, only the time series 1993-96 and 1997-2004 
are consistent, but not comparable to each other.       United Kingdom: The difference between 1992 and subsequent years is mainly due to a 
change of assessment method in line with that used in other States.  
Note that some differences in the level of damage across national borders may be at least partly due to differences in standards 
used. This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-6 
Defoliation of conifers (1993-2004) 

 Conifers chang
e 

Paticipating Defoliation classes 2-4 % 
points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
2003/
2004

Albania           12.0 12.1 12.3 12.4 15.5   14.0  
Andorra                       36.1  
Austria  8.2 7.9 6.6 7.3 6.3 6.3 6.4 9.1 9.6 10.1 11.2 13.1 1.9 
Belarus 33.8 44.0 43.9 43.1 41.2 33.9 28.9 26.1 23.4 9.7 9.5 8.9 -0.6 
Belgium  18.3 21.2 21.0 25.8 19.2 13.5 15.5 19.5 17.5 19.7 18.6 15.6 -3.0 
Bulgaria 26.9 25.0 41.4 46.5 53.5 69.8 48.9 46.4 39.1 44.0 38.4 47.1 8.7 
Croatia 33.9 39.3 57.5 57.0 68.7 45.8 53.2 53.3 65.1 63.5 77.4 70.6 -6.8 
Cyprus                 8.9 2.8 18.4 12.2 -6.2 
Czech Rep. 51.5 59.0 60.7 74.9 71.9 54.6 57.4 58.3 58.1 60.1 60.7 62.6 1.9 
Denmark 37.0 38.7 34.8 23.2 15.9 17.0 9.9 8.8 6.7 4.5 6.1 5.8 -0.3 
Estonia 21.2 16.0 14.2 14.6 11.4 9.0 9.1 7.5 8.8 7.9 7.7 5.3 -2.4 
Finland 15.6 13.1 13.7 13.7 12.8 12.2 11.9 12.0 11.4 11.9 11.1 10.1 -1.0 
France 8.2 8.2 9.2 13.5 16.2 16.8 14.1 12.0 14.0 15.2 18.9 18.6 -0.3 
Germany 21.4 21.6 18.3 16.7 15.4 19.0 19.2 19.6 20.0 19.8 20.1 26.3 6.2 
Greece 13.9 13.2 13.6 14.4 13.8 12.9 13.5 16.5 17.2 16.1      
Hungary 20.1 21.2 18.7 17.8 17.4 18.7 17.6 21.5 19.5 22.8 27.6 24.2 -3.4 
Ireland 29.6 19.7 26.3 13.0 13.6 16.1 13.0 14.6 17.4 20.7 13.9 17.4 3.5 
Italy 15.1 15.0 19.4 25.1 28.1 25.5 23.1 19.2 19.1 20.5 20.4 21.7 1.3 
Latvia 41.0 34.0 23.0 24.8 21.9 18.9 20.6 20.1 15.8 14.3 12.2 11.9 -0.3 
Liechtenstein                          
Lithuania  29.2 26.3 26.6 12.9 13.9 13.6 11.5 12.0 9.8 9.3 10.7 10.2 -0.5 
Luxembourg  9.0 12.8 12.9 12.7 8.0 10.5 8.7 7.0          

Rep. of Moldova 45.2   33.3 48.4             55.4 35.5 -19.9 
The Netherlands  30.6 27.7 45.4 43.5 45.3 43.2 14.5 23.5 20.7 17.5 9.4 17.2 7.8 
Norway 20.9 22.4 24.0 25.1 28.5 27.5 24.3 21.8 25.1 24.1 21.2 16.7 -4.5 
Poland 50.8 55.6 54.5 40.5 36.8 34.6 30.6 32.1 30.3 32.5 33.2 33.4 0.2 
Portugal 7.1 5.4 6.6 5.6 7.8 6.6 6.0 4.3 4.3 3.6 5.3 10.8 5.5 
Romania 16.6 15.5 15.2 10.4 10.3 9.0 9.1 9.8 9.6 9.9 9.8 7.6 -2.2 
Russian Fed. 4.5 9.4 10.1 9.4 0.0       9.8 10.0       

Serbia and Monten.       4.4 7.9 6.0 9.2 10.0 21.3 7.3 39.6 19.8 -19.8 
Slovak Rep. 49.9 50.3 52.0 41.0 42.2 40.3 40.2 37.9 38.7 40.4 39.7 36.2 -3.5 
Slovenia  27.0 19.0 33.6 26.0 32.5 36.7 38.0 34.5 32.2 31.4 35.3 37.4 2.1 
Spain  14.7 19.1 18.1 18.1 11.5 12.9 9.8 12.0 11.6 15.6 14.1 14.0 -0.1 
Sweden 10.6 16.2 14.5 16.9 15.9 15.0 13.6 13.5 18.4 17.7 20.4 17.5 -2.9 
Switzerland 17.4 19.6 23.2 21.4 19.9 19.7 18.3 33.0 19.1 19.9 13.3 27.4 14.1 
Turkey                           
Ukraine  21.7 34.8 25.7 45.8 32.7 64.9 50.0 47.3 16.8 14.6 15.4 11.4 -4.0 

United Kingdom 16.8 15.0 13.0 13.9 17.0 19.8 20.1 20.2 20.6 25.1 25.8 23.2 -2.6 
 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years.   
Czech Republic: Only trees older than 60 years assessed until 1997.    France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.    Greece: Excluding maquis.        Italy: Due to methodological changes, only the 
time series 1993-96 and 1997-2004 are consistent, but not comparable to each other.          United Kingdom: The difference between 1993 and 
subsequent years is mainly due to a change of assessment method in line with that used in other States.  

 



Annex II-6 
 
Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-7 
Defoliation of broadleaves (1993-2004) 

 Broadleaves chang
e 

Paticipating Defoliation classes 2-4 % 
points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
2003/
2004

Albania           8.0 8.1 8.4 8.4 10.7   10.3   
Andorra          only conifers assessed  
Austria  7.7 7.4 6.5 11.6 12.2 9.6 9.4 7.6 10.4 11.3 10.2 13.6 3.4 
Belarus 16.6 18.6 22.9 29.2 23.0 19.3 17.0 16.9 13.3 9.0 15.8 12.9 -2.9 
Belgium  11.7 12.8 26.6 18.5 16.1 19.2 19.1 18.8 18.3 17.0 16.6 21.3 4.7 
Bulgaria 16.6 34.4 32.7 33.0 43.9 48.4 35.9 45.8 26.0 29.0 27.2 30.1 2.9 
Croatia 15.6 26.4 35.2 26.0 27.8 21.9 16.8 18.3 18.7 14.4 14.3 17.2 2.9 
Cyprus                
Czech Rep. 54.4 48.0 30.6 34.0 26.5 13.5 17.1 21.4 21.7 19.9 24.4 31.8 7.4 
Denmark 27.0 32.4 39.7 36.1 28.4 30.1 18.8 13.9 8.5 15.4 16.6 19.1 2.5 
Estonia 1.1 2.0 1.1 5.3 7.4 1.0 1.1 9.5 2.1 2.7 6.7 5.3 -1.4 
Finland 12.8 12.0 11.0 10.3 8.4 9.4 8.6 9.9 8.8 8.8 8.3 8.4 0.1 
France  8.4 8.4 14.3 20.1 29.9 26.9 22.9 21.6 23.6 25.5 33.5 38.7 5.2 
Germany 29.9 30.1 29.9 30.8 28.6 25.2 26.9 29.9 25.4 24.7 27.3 41.5 14.2 
Greece 29.8 35.0 38.2 34.6 34.9 31.7 20.2 20.2 26.6 26.5       
Hungary 21.2 21.8 20.2 19.5 19.7 19.0 18.2 20.8 21.5 20.8 22.0 21.0 -1.0 
Ireland                
Italy 18.3 20.7 18.5 31.2 38.0 38.9 39.3 40.5 46.3 44.6 45.0 42.0 -3.0 
Latvia 17.8 15.0 10.0 11.4 11.3 13.6 14.2 22.2 14.8 12.8 13.5 14.3 0.8 
Liechtenstein                           
Lithuania  23.8 23.3 20.8 12.2 15.9 19.7 11.8 17.7 16.3 19.0 24.6 21.8 -2.8 
Luxembourg  31.0 46.8 51.4 49.8 41.8 33.3 25.8 33.5           

Rep. of Moldova 50.9 21.9 40.5 41.1 30.0   41.4 29.2 36.9 42.5 42.3 33.9 -8.4 
The Netherlands  13.1 5.1 10.8 19.2 17.8 14.0 10.0 18.8 18.5 29.6 33.7 46.9 13.2 
Norway 42.1 47.6 47.4 45.0 38.9 42.2 44.8 34.0 33.7 30.4 29.0 33.2 4.2 
Poland 45.6 51.5 46.7 37.4 35.8 34.8 31.1 32.0 31.4 33.1 39.6 38.7 -0.9 
Portugal 7.5 5.8 10.4 8.3 8.6 12.0 13.7 13.2 12.8 12.6 16.2 19.0 2.8 
Romania 21.4 22.9 23.1 18.7 16.9 13.3 14.0 15.8 14.7 14.8 13.3 13.0 -0.3 
Russian Fed.    39.4 34.4             16.0       

Serbia and Monten.       3.5 7.4 10.1 13.0 6.7 6.7 0.6 21.5 13.5 -8.0 
Slovak Rep. 29.1 35.6 35.8 28.0 23.3 27.0 19.3 13.9 26.9 14.5 25.6 19.9 -5.7 
Slovenia  11.0 13.0 19.3 15.0 21.4 21.7 23.2 18.4 26.7 25.9 22.6 24.2 1.6 
Spain  11.4 19.6 28.7 20.7 15.8 14.4 16.1 15.7 14.4 17.3 19.1 16.1 -3.0 
Sweden   7.9 20.7 6.1 7.4 8.7 7.5 14.1 9.6 11.1 8.3 -2.8 
Switzerland 12.7 16.2 27.0 19.8 12.5 18.1 20.4 22.1 16.3 16.0 18.1 32.8 14.7 
Turkey                           
Ukraine  21.6 29.9 33.0 46.2 30.7 43.2 59.7 69.6 53.3 36.7 35.3 43.2 7.9 
United Kingd.  17.1 12.4 14.5 15.0 22.0 22.9 23.2 23.8 21.9 30.3 23.2 30.6 7.4 

 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years. 
Czech Republic: Only trees older than 60 years assessed until 1997.     France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.   Greece: Excluding maquis.      Italy: Due to methodological changes, only the time 
series 1993-96 and 1997-2004 are consistent, but not comparable to each other.               United Kingdom: The difference between 1993 and 
subsequent years is mainly due to a change of assessment method in line with that used in other States.   
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Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-1 
Forests and surveys in European countries (2004) 
 

Participating Total Forest Coniferous Broadleav. Area Grid  No. of No. of 
countries area area forest forest surveyed size sample sample 

 (1000 ha) (1000 ha) (1000 ha) (1000 ha) (1000 ha) (km x km) plots trees 

Albania 2875 1036 172 607 779  10x10 299 8970 
Andorra 47 17 15 2 17 16 x 16 3 72 
Austria  8385 3878 2683 798 3481 16 x 16 136 3582 
Belarus 20760 7845 4728 3117 7845 16 x 16 406 9603 
Belgium  3035 691 281 324 691 4² / 8²  125 2966 
Bulgaria 11100 3314 1172 2142 3314 4²/8²/16² 124 4356 
Croatia 5654 2061 321 1740 2061 16 x 16 87 2082 
Cyprus 925 298 172 0 138 16x16 15 360 
Czech Republic 7886 2630 2057 573 2630 8²/16² 140 6585 
Denmark 4300 468 294 174 468 7²/16² 24 576 
Estonia   4510 2267 1113 1154 2267 16 x 16 93 2201 
Finland 30460 20302 18058 1962 20020 16² / 24x32 594 11210 
France 54926 14591 9228 4058 1305 16 x 16 511 10219 
Germany 35562 11076 6084 4236 10890 16² / 4² 451 13741 
Greece 12890 2512 954 1080 no survey in 2004 
Hungary 9300 1836 244 1592 1836 4 x 4 1204 28313 
Ireland 8442 650 399 37 399 16 x 16 19 403 
Italy   30128 8675 1735 6940 8675 16 x 16 255 7111 
Latvia 6459 2923 1565 1209 2923 8 x 8 352 8384 
Liechtenstein 16 8 6 2 no survey in 2004 
Lithuania  6520 2069 1159 809 2069 8x8/16x16 261 6243 
Luxembourg 259 89 30 54 no survey in 2004 
Rep. of Moldova 3376 318 6 312 318 2x2/2x4 680 11895 
The Netherlands  3482 334 158 52 210 16 x 16 11 232 
Norway  32376 12000 6800 5200 12000 3²/9² 1566 8191 
Poland 31268 8894 6848 2046 6968 16 x 16 1276 25520 
Portugal 8893 3234 1081 2153 3234 16 x 16 133 3990 
Romania 23750 6244 1929 4315 6244 4 x 4 3827 100041 
Russian Fed. 11100 8125     no survey in 2004 

Serbia and Montenegro  8836 2360 179 2181 1868 16 x 16 130 3031 
Slovak Republic 4901 1961 815 1069 1961 16 x 16 108 4216 
Slovenia  2027 1099 410 688 1099 16 x 16 42 1008 
Spain  50471 11588 5910 4056 11588 16 x 16 620 14880 
Sweden 41000 23400 19600 900 20600 varying 2819 14805 
Switzerland 4129 1186 818 368 1186 16 x 16 48 1041 
Turkey  77945 20199 9426 10773 no survey in 2004 
Ukraine  60350 9316 3969 5347 918 16 x 16 57 1395 
United Kingdom 24100 2156 1520 636 2156 random 347 8328 
TOTAL 652443 201650 111939 72706 142158 varying 16763 325550 

 
Serbia and Montenegro: Serbia only. 
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Annex II-2 
Defoliation of all species by classes and class aggregates (2004) 

 

Participating Area No. of 0 1 2 3+4 2+3+4 
countries surveyed sample none slight moderate severe  

 (1000 ha) trees    and dead  

Albania  8970 42.7 45.1 10.9 1.3 12.2 
Andorra 17 72 16.7 47.1 25.0 11.1 36.1 
Austria  3481 3582 51.4 35.4 10.4 2.8 13.1 
Belarus 7845  9603 40.0 50.0 7.7 2.3 10.0 
Belgium 691 2966 38.2 42.4 16.5 2.9 19.4 
Bulgaria 3314 4356 19.8 40.5 34.8 4.9 39.7 
Croatia  2061 2082 35.3 39.5 22.8 2.4 25.2 
Cyprus 138  360 22.5 65.3 12.2 0.0 12.2 
Czech Republic  2630  6585 11.7 31.0 56.2 1.1 57.3 
Denmark 468  576 64.9 23.3 8.7 3.1 11.8 
Estonia 2267  2201 49.4 45.3 4.8 0.5 5.3 
Finland 20020  11210 57.1 33.1 9.0 0.8 9.8 
France 13100  10219 32.0 36.3 27.7 4.0 31.7 
Germany 10890  13741 27.6 41.0 28.5 2.9 31.4 
Greece   no survey in 2004 
Hungary 1836  28313 39.9 38.6 15.6 5.9 21.5 
Ireland 399  403 56.8 25.8 15.9 1.5 17.4 
Italy   8675  7111 20.5 43.6 31.4 4.5 35.9 
Latvia 2923  8384 20.9 66.6 10.2 2.3 12.5 
Liechtenstein   no survey in 2004 
Lithuania 2069  6243 10.7 75.4 11.4 2.5 13.9 
Luxembourg   no survey in 2004 
Rep. of Moldova 318 11895 30.1 35.9 28.6 5.4 34.0 
The Netherlands 210  232 52.2 20.3 23.7 3.8 27.5 
Norway 12000  8191 43.3 36.0 17.7 3.0 20.7 
Poland 6968  25520 8.3 57.1 32.5 2.1 34.6 
Portugal 3234 3990 44.8 38.6 14.5 2.1 16.6 
Romania 6244  100041 62.5 25.8 10.3 1.4 11.7 
Russian Fed.   no survey in 2004 

Serbia and Montenegro 1868  3031 58.3 27.4 13.4 0.9 14.3 
Slovak Republic 1961  4216 11.3 62.0 25.7 1.0 26.7 
Slovenia  1099  1008 30.5 40.2 24.2 5.1 29.3 
Spain 11588  14880 24.0 61.0 11.9 3.1 15.0 
Sweden 20600  14805 48.8 34.7 13.9 2.6 16.5 
Switzerland 1186  1041 25.6 45.3 20.2 8.9 29.1 
Turkey   no survey in 2004 
Ukraine 918  1395 18.6 51.5 27.9 2.0 29.9 
United Kingdom 2156  8328 24.2 49.3 24.7 1.8 26.5 

 
Serbia and Montenegro: Serbia only. 

 
Note that some differences in the level of damage across national borders may be at least partly due to differences in 
standards used. This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-3 
Defoliation of conifers by classes and class aggregates (2004) 

 

Participating Coniferous No. of 0 1 2 3+4 2+3+4 
countries forest sample none slight moderate severe  

 (1000 ha) trees    and dead  

Albania 171 5370 27.4 58.6 12.6 1.4 14.0 
Andorra 15 72 16.7 47.1 25.0 11.1 36.1 
Austria 2683  3184 52.2 34.7 10.2 2.9 13.1 
Belarus 4728  7064  39.9 51.2 6.8 2.1 8.9 
Belgium 281  1071  39.9 44.5 13.4 2.2 15.6 
Bulgaria 1172  2467  13.7 39.2 41.1 6.0 47.1 
Croatia 321  313  5.8 23.6 62.3 8.3 70.6 
Cyprus 172  360  22.5 65.3 12.2 0.0 12.2 
Czech Republic  2057  5444  9.8 27.6 61.5 1.1 62.6 
Denmark 294  317  83.5 10.7 1.3 4.5 5.8 
Estonia 1177  2068  47.9 46.8 4.8 0.5 5.3 
Finland 18058  9297  56.7 33.2 9.3 0.8 10.1 
France 9228  3544  51.5 29.9 15.8 2.8 18.6 
Germany 6084  9490  30.2 43.5 24.6 1.7 26.3 
Greece 954     no survey in 2004 
Hungary 244  3988  34.2 41.6 18.1 6.1 24.2 
Ireland 399  403  56.8 25.8 15.9 1.5 17.4 
Italy   1735  2133  42.7 35.6 18.6 3.1 21.7 
Latvia 1565  6134  19.0 69.1 9.8 2.1 11.9 
Liechtenstein 6  no survey in 2004 
Lithuania 1159  4262  11.6 78.2 8.5 1.7 10.2 
Luxembourg 30  no survey in 2004 
Rep. of Moldova 6  66  48.0 16.5 34.2 1.3 35.5 
The Netherlands 158  151  75.5 7.3 13.9 3.3 17.2 
Norway 6800  6244  47.9 35.4 14.4 2.3 16.7 
Poland 3503  19480  7.9 58.7 31.3 2.1 33.4 
Portugal 1081  1177 53.7 35.5 10.0 0.8 10.8 
Romania 1929  24936  70.7 21.7 6.7 0.9 7.6 
Russian Fed.  5800    no survey in 2004 

Serbia and Montenegro 179  363  50.2 30.0 19.0 0.8 19.8 
Slovak Republic 815  1761  4.1 59.7 34.9 1.3 36.2 
Slovenia 410  388  29.1 33.5 32.2 5.2 37.4 
Spain 5910  7498  27.5 58.5 10.2 3.8 14.0 
Sweden 19600  13312  48.5 34.0 14.7 2.8 17.5 
Switzerland 818  737  25.1 47.5 20.7 6.7 27.4 
Turkey 9426  no survey in 2004 
Ukraine 3969  582  17.0 71.6 11.2 0.2 11.4 
United Kingdom 1520  4704  26.2 50.6 21.7 1.5 23.2 

 
Serbia and Montenegro: Serbia only. 

 
Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-4 
Defoliation of broadleaves by classes and class aggregates (2004) 
 

Participating Broadleav. No. of 0 1 2 3+4 2+3+4 
countries forest sample none slight moderate severe 

 (1000 ha) trees    and dead  

Albania 599  3600 58.1 31.6 9.2 1.1 10.3 
Andorra   only conifers assessed 
Austria 798  398  45.7 40.7 11.3 2.3 13.6 
Belarus 3117  2618 41.5 45.6 9.9 3.0 12.9 
Belgium 324  1895 36.3 42.4 18.0 3.3 21.3 
Bulgaria 2142  1889 27.7 42.2 26.7 3.4 30.1 
Croatia 1740  1769 40.5 42.3 15.8 1.4 17.2 
Cyprus   only conifers assessed 
Czech Republic 573  1141 20.8 47.4 30.6 1.2 31.8 
Denmark 174  269 42.6 38.3 17.6 1.5 19.1 
Estonia 1072  133 73.6 21.1 4.5 0.8 5.3 
Finland 1962  1913 59.0 32.6 7.3 1.1 8.4 
France 4058  6675 21.6 39.7 34.1 4.6 38.7 
Germany 4236  4251 22.5 36.0 37.6 3.9 41.5 
Greece 1080    no survey in 2004 
Hungary 1517  24325 40.8 38.2 15.0 6.0 21.0 
Ireland 37   only conifers assessed 
Italy 6940  4978 11.0 47.0 36.9 5.1 42.0 
Latvia 1209  2250 25.9 59.8 11.5 2.8 14.3 
Liechtenstein 2   no survey in 2004 
Lithuania 809  1981 8.6 69.6 17.6 4.2 21.8 
Luxembourg 54   no survey in 2004 
Rep. of Moldova   11829 30.0 36.1 28.5 5.4 33.9 
The Netherlands 52  81 13.5 39.6 42.0 4.9 46.9 
Norway 5200  1947 28.4 38.4 28.2 5.0 33.2 
Poland 738  6040 9.6 51.7 36.2 2.5 38.7 
Portugal 2153  2813  41.1 39.9 16.3 2.7 19.0 
Romania 4315  75105 59.8 27.2 11.5 1.5 13.0 
Russian Fed.  510    no survey in 2004 

Serbia and Montenegro 2181  2668 59.5 27.0 12.6 0.9 13.5 
Slovak Republic 1069  2455 16.5 63.6 19.1 0.8 19.9 
Slovenia  688  620 31.4 44.4 19.2 5.0 24.2 
Spain 4056  7382 20.3 63.6 13.5 2.6 16.1 
Sweden  900  1493 50.7 41.0 7.0 1.3 8.3 
Switzerland 368  304 26.7 40.5 19.1 13.7 32.8 
Turkey 10773   no survey in 2004 
Ukraine 5347  813 19.7 37.1 40.0 3.2 43.2 
United Kingdom 636  3624 21.8 47.6 28.5 2.1 30.6 

 
Norway: Special study on birch.   Serbia and Montenegro: Serbia only. 
 

Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-5 
Defoliation of all species (1993-2004) 

 All species change

Participating Defoliation classes 2-4 
% 

points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2003/
2004 

Albania           9.8 9.9 10.1 10.2 13.1   12.2  
Andorra            36.1  
Austria  8.2 7.8 6.6 7.9 7.1 6.7 6.8 8.9 9.7 10.2 11.1 13.1 2.0 
Belarus 29.3 37.4 38.3 39.7 36.3 30.5 26.0 24.0 20.7 9.5 11.3 10.0 -1.3 
Belgium  14.8 16.9 24.5 21.2 17.4 17.0 17.7 19.0 17.9 17.8 17.3 19.4 2.1 
Bulgaria 23.2 28.9 38.0 39.2 49.6 60.2 44.2 46.3 33.8 37.1 33.7 39.7 6.0 
Croatia 19.2 28.8 39.8 30.1 33.1 25.6 23.1 23.4 25.0 20.6 22.0 25.2 3.2 
Cyprus                 8.9 2.8 18.4 12.2 -6.2 
Czech Rep. 51.8 57.7 58.5 71.9 68.6 48.8 50.4 51.7 52.1 53.4 54.4 57.3 2.9 
Denmark 33.4 36.5 36.6 28.0 20.7 22.0 13.2 11.0 7.4 8.7 10.2 11.8 1.6 
Estonia 20.3 15.7 13.6 14.2 11.2 8.7 8.7 7.4 8.5 7.6 7.6 5.3 -2.3 
Finland 15.2 13.0 13.3 13.2 12.2 11.8 11.4 11.6 11.0 11.5 10.7 9.8 -0.9 
France 8.3 8.4 12.5 17.8 25.2 23.3 19.7 18.3 20.3 21.9 28.4 31.7 3.3 
Germany 24.2 24.4 22.1 20.3 19.8 21.0 21.7 23.0 21.9 21.4 22.5 31.4 8.9 
Greece  21.2 23.2 25.1 23.9 23.7 21.7 16.6 18.2 21.7 20.9      
Hungary 21.0 21.7 20.0 19.2 19.4 19.0 18.2 20.8 21.2 21.2 22.5 21.5 -1.0 
Ireland 29.6 19.7 26.3 13.0 13.6 16.1 13.0 14.6 17.4 20.7 13.9 17.4 3.5 
Italy  17.6 19.5 18.9 29.9 35.8 35.9 35.3 34.4 38.4 37.3 37.6 35.9 -1.7 
Latvia 35.0 30.0 20.0 21.2 19.2 16.6 18.9 20.7 15.6 13.8 12.5 12.5  
Liechtenstein                          
Lithuania  27.4 25.4 24.9 12.6 14.5 15.7 11.6 13.9 11.7 12.8 14.7 13.9 -0.8 
Luxembourg  23.8 34.8 38.3 37.5 29.9 25.3 19.2 23.4           

Rep. of Moldova 50.8   40.4 41.2       29.1 36.9 42.5 42.4 34.0 -8.4 
The Netherlands  25.0 19.4 32.0 34.1 34.6 31.0 12.9 21.8 19.9 21.7 18.0 27.5 9.5 
Norway 24.9 27.5 28.8 29.4 30.7 30.6 28.6 24.3 27.2 25.5 22.9 20.7 -2.2 
Poland 50.0 54.9 52.6 39.7 36.6 34.6 30.6 32.0 30.6 32.7 34.7 34.6 -0.1 
Portugal 7.3 5.7 9.1 7.3 8.3 10.2 11.1 10.3 10.1 9.6 13.0 16.6 3.6 
Romania 20.5 21.2 21.2 16.9 15.6 12.3 12.7 14.3 13.3 13.5 12.6 11.7 -0.9 
Russian Fed.    10.7 12.5           9.8 10.9       

Serbia and Monten.        3.6 7.7 8.4 11.2 8.4 14.0 3.9 22.8 14.3 -8.5 
Slovak Rep. 37.6 41.8 42.6 34.0 31.0 32.5 27.8 23.5 31.7 24.8 31.4 26.7 -4.7 
Slovenia  19.0 16.0 24.7 19.0 25.7 27.6 29.1 24.8 28.9 28.1 27.5 29.3 1.8 
Spain  13.0 19.4 23.5 19.4 13.7 13.6 12.9 13.8 13.0 16.4 16.6 15.0 -1.6 
Sweden   14.2 17.4 14.9 14.2 13.2 13.7 17.5 16.8 19.2 16.5 -2.7 
Switzerland 15.4 18.2 24.6 20.8 16.9 19.1 19.0 29.4 18.2 18.6 14.9 29.1 14.2 
Turkey                           
Ukraine  21.5 32.4 29.6 46.0 31.4 51.5 56.2 60.7 39.6 27.7 27.0 29.9 2.9 

United Kingdom 16.9 13.9 13.6 14.3 19.0 21.1 21.4 21.6 21.1 27.3 24.7 26.5 1.8 
 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years. 
Czech Republic: Only trees older than 60 years assessed until 1997.    France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.   Italy: Due to methodological changes, only the time series 1993-96 and 1997-2004 
are consistent, but not comparable to each other.       United Kingdom: The difference between 1992 and subsequent years is mainly due to a 
change of assessment method in line with that used in other States.  
Note that some differences in the level of damage across national borders may be at least partly due to differences in standards 
used. This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-6 
Defoliation of conifers (1993-2004) 

 Conifers chang
e 

Paticipating Defoliation classes 2-4 % 
points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
2003/
2004

Albania           12.0 12.1 12.3 12.4 15.5   14.0  
Andorra                       36.1  
Austria  8.2 7.9 6.6 7.3 6.3 6.3 6.4 9.1 9.6 10.1 11.2 13.1 1.9 
Belarus 33.8 44.0 43.9 43.1 41.2 33.9 28.9 26.1 23.4 9.7 9.5 8.9 -0.6 
Belgium  18.3 21.2 21.0 25.8 19.2 13.5 15.5 19.5 17.5 19.7 18.6 15.6 -3.0 
Bulgaria 26.9 25.0 41.4 46.5 53.5 69.8 48.9 46.4 39.1 44.0 38.4 47.1 8.7 
Croatia 33.9 39.3 57.5 57.0 68.7 45.8 53.2 53.3 65.1 63.5 77.4 70.6 -6.8 
Cyprus                 8.9 2.8 18.4 12.2 -6.2 
Czech Rep. 51.5 59.0 60.7 74.9 71.9 54.6 57.4 58.3 58.1 60.1 60.7 62.6 1.9 
Denmark 37.0 38.7 34.8 23.2 15.9 17.0 9.9 8.8 6.7 4.5 6.1 5.8 -0.3 
Estonia 21.2 16.0 14.2 14.6 11.4 9.0 9.1 7.5 8.8 7.9 7.7 5.3 -2.4 
Finland 15.6 13.1 13.7 13.7 12.8 12.2 11.9 12.0 11.4 11.9 11.1 10.1 -1.0 
France 8.2 8.2 9.2 13.5 16.2 16.8 14.1 12.0 14.0 15.2 18.9 18.6 -0.3 
Germany 21.4 21.6 18.3 16.7 15.4 19.0 19.2 19.6 20.0 19.8 20.1 26.3 6.2 
Greece 13.9 13.2 13.6 14.4 13.8 12.9 13.5 16.5 17.2 16.1      
Hungary 20.1 21.2 18.7 17.8 17.4 18.7 17.6 21.5 19.5 22.8 27.6 24.2 -3.4 
Ireland 29.6 19.7 26.3 13.0 13.6 16.1 13.0 14.6 17.4 20.7 13.9 17.4 3.5 
Italy 15.1 15.0 19.4 25.1 28.1 25.5 23.1 19.2 19.1 20.5 20.4 21.7 1.3 
Latvia 41.0 34.0 23.0 24.8 21.9 18.9 20.6 20.1 15.8 14.3 12.2 11.9 -0.3 
Liechtenstein                          
Lithuania  29.2 26.3 26.6 12.9 13.9 13.6 11.5 12.0 9.8 9.3 10.7 10.2 -0.5 
Luxembourg  9.0 12.8 12.9 12.7 8.0 10.5 8.7 7.0          

Rep. of Moldova 45.2   33.3 48.4             55.4 35.5 -19.9 
The Netherlands  30.6 27.7 45.4 43.5 45.3 43.2 14.5 23.5 20.7 17.5 9.4 17.2 7.8 
Norway 20.9 22.4 24.0 25.1 28.5 27.5 24.3 21.8 25.1 24.1 21.2 16.7 -4.5 
Poland 50.8 55.6 54.5 40.5 36.8 34.6 30.6 32.1 30.3 32.5 33.2 33.4 0.2 
Portugal 7.1 5.4 6.6 5.6 7.8 6.6 6.0 4.3 4.3 3.6 5.3 10.8 5.5 
Romania 16.6 15.5 15.2 10.4 10.3 9.0 9.1 9.8 9.6 9.9 9.8 7.6 -2.2 
Russian Fed. 4.5 9.4 10.1 9.4 0.0       9.8 10.0       

Serbia and Monten.       4.4 7.9 6.0 9.2 10.0 21.3 7.3 39.6 19.8 -19.8 
Slovak Rep. 49.9 50.3 52.0 41.0 42.2 40.3 40.2 37.9 38.7 40.4 39.7 36.2 -3.5 
Slovenia  27.0 19.0 33.6 26.0 32.5 36.7 38.0 34.5 32.2 31.4 35.3 37.4 2.1 
Spain  14.7 19.1 18.1 18.1 11.5 12.9 9.8 12.0 11.6 15.6 14.1 14.0 -0.1 
Sweden 10.6 16.2 14.5 16.9 15.9 15.0 13.6 13.5 18.4 17.7 20.4 17.5 -2.9 
Switzerland 17.4 19.6 23.2 21.4 19.9 19.7 18.3 33.0 19.1 19.9 13.3 27.4 14.1 
Turkey                           
Ukraine  21.7 34.8 25.7 45.8 32.7 64.9 50.0 47.3 16.8 14.6 15.4 11.4 -4.0 

United Kingdom 16.8 15.0 13.0 13.9 17.0 19.8 20.1 20.2 20.6 25.1 25.8 23.2 -2.6 
 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years.   
Czech Republic: Only trees older than 60 years assessed until 1997.    France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.    Greece: Excluding maquis.        Italy: Due to methodological changes, only the 
time series 1993-96 and 1997-2004 are consistent, but not comparable to each other.          United Kingdom: The difference between 1993 and 
subsequent years is mainly due to a change of assessment method in line with that used in other States.  
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Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-7 
Defoliation of broadleaves (1993-2004) 

 Broadleaves chang
e 

Paticipating Defoliation classes 2-4 % 
points

countries 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
2003/
2004

Albania           8.0 8.1 8.4 8.4 10.7   10.3   
Andorra          only conifers assessed  
Austria  7.7 7.4 6.5 11.6 12.2 9.6 9.4 7.6 10.4 11.3 10.2 13.6 3.4 
Belarus 16.6 18.6 22.9 29.2 23.0 19.3 17.0 16.9 13.3 9.0 15.8 12.9 -2.9 
Belgium  11.7 12.8 26.6 18.5 16.1 19.2 19.1 18.8 18.3 17.0 16.6 21.3 4.7 
Bulgaria 16.6 34.4 32.7 33.0 43.9 48.4 35.9 45.8 26.0 29.0 27.2 30.1 2.9 
Croatia 15.6 26.4 35.2 26.0 27.8 21.9 16.8 18.3 18.7 14.4 14.3 17.2 2.9 
Cyprus                
Czech Rep. 54.4 48.0 30.6 34.0 26.5 13.5 17.1 21.4 21.7 19.9 24.4 31.8 7.4 
Denmark 27.0 32.4 39.7 36.1 28.4 30.1 18.8 13.9 8.5 15.4 16.6 19.1 2.5 
Estonia 1.1 2.0 1.1 5.3 7.4 1.0 1.1 9.5 2.1 2.7 6.7 5.3 -1.4 
Finland 12.8 12.0 11.0 10.3 8.4 9.4 8.6 9.9 8.8 8.8 8.3 8.4 0.1 
France  8.4 8.4 14.3 20.1 29.9 26.9 22.9 21.6 23.6 25.5 33.5 38.7 5.2 
Germany 29.9 30.1 29.9 30.8 28.6 25.2 26.9 29.9 25.4 24.7 27.3 41.5 14.2 
Greece 29.8 35.0 38.2 34.6 34.9 31.7 20.2 20.2 26.6 26.5       
Hungary 21.2 21.8 20.2 19.5 19.7 19.0 18.2 20.8 21.5 20.8 22.0 21.0 -1.0 
Ireland                
Italy 18.3 20.7 18.5 31.2 38.0 38.9 39.3 40.5 46.3 44.6 45.0 42.0 -3.0 
Latvia 17.8 15.0 10.0 11.4 11.3 13.6 14.2 22.2 14.8 12.8 13.5 14.3 0.8 
Liechtenstein                           
Lithuania  23.8 23.3 20.8 12.2 15.9 19.7 11.8 17.7 16.3 19.0 24.6 21.8 -2.8 
Luxembourg  31.0 46.8 51.4 49.8 41.8 33.3 25.8 33.5           

Rep. of Moldova 50.9 21.9 40.5 41.1 30.0   41.4 29.2 36.9 42.5 42.3 33.9 -8.4 
The Netherlands  13.1 5.1 10.8 19.2 17.8 14.0 10.0 18.8 18.5 29.6 33.7 46.9 13.2 
Norway 42.1 47.6 47.4 45.0 38.9 42.2 44.8 34.0 33.7 30.4 29.0 33.2 4.2 
Poland 45.6 51.5 46.7 37.4 35.8 34.8 31.1 32.0 31.4 33.1 39.6 38.7 -0.9 
Portugal 7.5 5.8 10.4 8.3 8.6 12.0 13.7 13.2 12.8 12.6 16.2 19.0 2.8 
Romania 21.4 22.9 23.1 18.7 16.9 13.3 14.0 15.8 14.7 14.8 13.3 13.0 -0.3 
Russian Fed.    39.4 34.4             16.0       

Serbia and Monten.       3.5 7.4 10.1 13.0 6.7 6.7 0.6 21.5 13.5 -8.0 
Slovak Rep. 29.1 35.6 35.8 28.0 23.3 27.0 19.3 13.9 26.9 14.5 25.6 19.9 -5.7 
Slovenia  11.0 13.0 19.3 15.0 21.4 21.7 23.2 18.4 26.7 25.9 22.6 24.2 1.6 
Spain  11.4 19.6 28.7 20.7 15.8 14.4 16.1 15.7 14.4 17.3 19.1 16.1 -3.0 
Sweden   7.9 20.7 6.1 7.4 8.7 7.5 14.1 9.6 11.1 8.3 -2.8 
Switzerland 12.7 16.2 27.0 19.8 12.5 18.1 20.4 22.1 16.3 16.0 18.1 32.8 14.7 
Turkey                           
Ukraine  21.6 29.9 33.0 46.2 30.7 43.2 59.7 69.6 53.3 36.7 35.3 43.2 7.9 
United Kingd.  17.1 12.4 14.5 15.0 22.0 22.9 23.2 23.8 21.9 30.3 23.2 30.6 7.4 

 

Austria: From 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years. 
Czech Republic: Only trees older than 60 years assessed until 1997.     France: Due to methodological changes, only the time series 1993-94 and 
1997-2004 are consistent, but not comparable to each other.   Greece: Excluding maquis.      Italy: Due to methodological changes, only the time 
series 1993-96 and 1997-2004 are consistent, but not comparable to each other.               United Kingdom: The difference between 1993 and 
subsequent years is mainly due to a change of assessment method in line with that used in other States.   
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Note that some differences in the level of damage across national borders may be at least partly due to differences in standards used. 
This restriction, however, does not affect the reliability of the trends over time. 
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Annex II-8 
Changes in defoliation (1986-2004) 
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 * from 2003 on, results are based on the 16x16 km transnational gridnet and must not be compared with previous years. 
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* due to methodological changes, only the time series 1988-94 and 1997-99 are consistent, but not comparable to each other. 
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* since 1991 with former GDR 

 
 

Greece 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 

 



Annex II-8 

 
Hungary 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

Ireland 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

Italy 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 



                                                                                                                        Annex II-8 

 
Latvia 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

Liechtenstein 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

Lithuania 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 



Annex II-8 

 
Luxembourg 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

Republic of Moldova 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 
 
 
 

The Netherlands 

0

20

40

60

80

100

0-10% >10-25% >25-60% >60%Defoliation

all species conifers broadleaves

Pe
rc

en
t o

f t
re

es

 1989-1994: 1500 plots, 1995-1998: 200 plots, since 1999: 11 plots 
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* Only regional surveys in north-western and Central European parts of Russia. 
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Slovak Republic 
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after 1992 change of assessment method in line with that used in other countries 
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Main species referred to in the text 
 
Botanical name Danish Dutch English Finnish French German 

Fagus sylvatica Bøg Beuk Common beech Pyökki Hêtre Rotbuche 

Quercus petraea Vintereg Wintereik Sessile oak Talvitammi Chêne rouvre Traubeneiche 

Quercus robur Stilkeg Zomereik European oak Metsätammi Chêne 
pédonculé 

Stieleiche 

Quercus ilex Steneg Steeneik Holm oak Rautatammi Chêne vert Steineiche 

Quercus suber Korkeg Kurkeik Cork oak Korkkitammi Chêne liège Korkeiche 

Pinus sylvestris Skovfyr Grove den Scots pine Metsämänty Pin sylvestre Gemeine Kiefer 

Pinus nigra Østrigsk fyr Oostenrijkse 
Corsicaanse 
zwarte den 

Corsican/ Aus-
trian black pine 

Euroopanmusta-
mänty 

Pin noir Schwarzkiefer 

Pinus pinaster   Strandfyr Zeeden Maritime pine Rannikkomänty Pin maritime Seestrandkiefer 

Pinus halepensis Aleppofyr Aleppoden Aleppo pine Aleponmänty Pin d'Alep Aleppokiefer 

Picea abies   Rødgran Fijnspar Norway spruce Metsäkuusi Epicéa commun Rotfichte 

Picea sitchensis Sitkagran Sitkaspar Sitka spruce Sitkankuusi Epicéa de Sitka Sitkafichte 

Abies alba Ædelgran Zilverden Silver fir Saksanpihta Sapin pectiné Weißtanne 

Larix decidua Lærk Europese lariks European larch Euroopanlehti-
kuusi 

Mélèze d'Europe Europäische 
Lärche 

       
       

Botanical name Greek Italian Portuguese Russian Spanish Swedish 

Fagus sylvatica Οξυά δασική Faggio Faia бук лесной Haya Bok 

Quercus petraea Δρυς 
απόδισκος 

Rovere Carvalho branco 
Americano 

дуб скальный Roble albar Bergek 

Quercus robur Δρυς 
ποδισκοφόρος 

Farnia Carvalho roble дуб черещатый Roble común Ek 

Quercus ilex Αριά Leccio Azinheira дуб каменный Encina Stenek 

Quercus suber Φελλοδρύς Sughera Sobreiro дуб пробковый Alcornoque Korkek 

Pinus sylvestris Δασική πεύκη Pino silvestre Pinheiro 
silvestre 

сосна 
обыкновенная 

Pino silvestre Tall 

Pinus nigra Μαύρη πεύκη Pino nero Pinheiro 
Austríaco 

сосна чёрная Pino laricio Svarttall 

Pinus pinaster   Θαλασσία 
πεύκη 

Pino marittimo Pinheiro bravo сосна 
приморская 

Pino negral Terpentintall 

Pinus halepensis Χαλέπιος 
πεύκη 

Pino d'Aleppo Pinheiro de 
alepo 

сосна 
алеппская 

Pino carrasco Aleppotall 

Picea abies   Ερυθρελάτη 
υψηλή 

Abete rosso Picea ель 
европейская 

Abeto rojo Gran 

Picea sitchensis Ερυθρελάτη Picea di Sitka Picea de Sitka ель ситхинская Picea de Sitka Sitkagran 

Abies alba Λευκή ελάτη Abete bianco Abeto branco пихта белая Abeto común Sivergran 

Larix decidua Λάριξ 
ευρωπαϊκή 

Larice Larício Europeu литвенница 
европейская 

Alerce Europeisklärk 
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Testing statistical significance of the differences in mean plot defoliation between two 
years of assessment. 
 
Differences between mean plot defoliation were statistically examined for Common Sample 
Plots (CSPs) using the following test statistic: 
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where  20032004 xx −  is the difference in mean plot defoliation between the assessments in 

2003 and 2004, 

 s -   the standard deviation of these differences, 

 n2004, n2003 -  number of sample trees on plots being tested. 
 
The standard deviation s is calculated as follows 
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with standard deviations  derived from the defoliation scores for the years 2004 and 
2003 on the plots investigated. 

20032004 , ss

 
The minimal difference for qualifying a plot as having changed its mean defoliation was 5% 
and more. This applies to the map in Annex I-7. This additional criterion to the formal 
statistical test was chosen since 5% is the highest accuracy in the assessment of defoliation in 
the field. 
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Annex V 
Addresses 
1. UN/ECE, ICP Forests and the European Union Scheme 
 
UN/ECE United Nations Economic Commission for Europe 

Environment and Human Settlements Division 
Air Pollution Unit 
Palais des Nations 
CH-1211 GENEVA 10 
Phone: +41 22 91 71 234/-91 72 358 
Fax: +41 22 90 70 107  
e-mail: keith.bull@unece.org; Matti.Johansson@unece.org
Mr Keith Bull 
Mr Matti Johansson 
 

ICP Forests International Co-operative Programme on Assessment and Monitoring 
of Air Pollution Effects on Forests 
Bundesforschungsanstalt für 
Forst- und Holzwirtschaft 
Leuschnerstr. 91 
D-21031 HAMBURG  
Phone: +49 40 739 62 100/Fax: +49 40 739 62 199 
e-mail: m.koehl@holz.uni-hamburg.de 
Mr Michael Köhl, Chairman of ICP Forests 
 

ICP Forests 
Lead Country 

International Co-operative Programme on Assessment and Monitoring 
of Air Pollution Effects on Forests 
Bundesministerium für Verbraucherschutz, 
Ernährung und Landwirtschaft– Ref. 533 
Postfach 14 02 70 
D-53107 BONN 
e-mail: 533@bmvel.bund.de / Sigrid.strich@bmvel.bund.de
Ms Sigrid Strich 
 

PCC of ICP Forests Programme Coordinating Centre of ICP Forests 
Bundesforschungsanstalt für 
Forst- und Holzwirtschaft 
Leuschnerstr. 91 
D-21031 HAMBURG  
Phone: +49 40 739 62 140/Fax: +49 40 739 62 480 
e-mail: lorenz@holz.uni-hamburg.de 
Internet: http://www.icp-forests.org 
Mr Martin Lorenz 
 

EC European Commission 
DG ENV B.3  
Avenue Beaulieu 9 
B-1160 BRUSSELS 
Phone: +32 2 2957979/ Fax: +32 2 2968824 
e-mail: robert.flies@cec.eu.int 
Internet: http://www.europa.eu.int/comm/environment 
Mr Robert Flies  
 

mailto:keith.bull@unece.org
mailto:Matti.Johansson@unece.org
mailto:533@bmvel.bund.de
mailto:Sigrid.strich@bmvel.bund.de
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European Commission -  
DG Joint Research Centre 

Institute for Environment and Sustainability, 
LMU - INFOREST (TP 261) 
Via E. Fermi 1 
I-21020 ISPRA (VA), Italy 
http://inforest.jrc.it/
Phone: +39 0332 786138, Fax: +39 0332 785500 
e-mail: jesus.san-miguel@jrc.it, Mr Jesus San Miguel 
Phone: +39 0332 786362 | Fax: +39 0332 789803 
e-mail: annemarie.bastrup-birk@jrc.it
Ms Annemarie Bastrup-Birk  
 

 
2. Expert Panels, WG and other Coordinating Institutions 
 
Expert Panel  
on Soil and Soil Solution 

Laboratorium Bodemkunde 
Universiteit Gent 
Geologisch Instituut 
Krijgslaan 281 
B-9000 GENT 
Phone: +32 9 264 46 37/Fax: +32 9 264 49 97 
e-mail: eric.vanranst@ugent.be 
Mr Eric van Ranst, Chairman  
 

Expert Panel 
on Foliar Analysis 

University of Oulu, Department of Biology 
P.O. Box 3000 
FIN-90014, Oulu. Finland 
Phone: +358 8-553 1510/Fax: +358 8-553 1061 
e-mail: pasi.rautio@metla.fi
Mr Pasi Rautio, Chairman 
 

Expert Panel 
on Forest Growth 

Eidgenössische Forschungsanstalt für Wald, Schnee und Landschaft 
WSL 
Zürcherstr. 111 
CH-8903 BIRMENSDORF 
Phone: +41 44 739 25 94/Fax: +41 44 739 22 15 
e-mail: dobbertin@wsl.ch 
Mr Matthias Dobbertin, Chairman 
 

Expert Panel 
on Deposition 
Measurements 

Office National des Forêts 
Boulevard de Constance 
F-77300 FONTAINEBLEAU 
Phone: +33 1 60 749221/Fax: +33 1 64 224973 
e-mail: erwin.ulrich@onf.fr 
Mr Erwin Ulrich, Chairman 
 

 Norwegian Forest Research Institute 
Høgskoleveien 8 
N-1432 AS 
Phone: +47 64 94 8892/Fax: +47 64 94 2980 
e-mail: Nicholas.clarke@skogforsk.no
Mr Nicholas Clarke, Co-Chairman 
 

Working Group on Ambient 
Air Quality 
 

CEAM 
c/Charles Darvin, 14 
E-46980 VALENCIA 
e-mail: MJose@ceam.es
Ms M. Sanz, Chairwoman 

http://inforest.jrc.it/
mailto:jesus.san-miguel@jrc.it
mailto:annemarie.bastrup-birk@jrc.it
mailto:annemarie.bastrup-birk@jrc.it
mailto:pasi.rautio@metla.fi
mailto:clarke@skogforsk.no
mailto:Mjose@ceam.es


Annex V 
 

Eidgenössische Forschungsanstalt für Wald,  
Schnee und Landschaft (WSL) 
Zürcherstr. 111 
CH-8903 BIRMENSDORF 
Phone: +41 44 7392 564/Fax: +41 44 7392 215 
Mr Marcus Schaub, Vice-Chairman 
 

Expert Panel 
on Crown Condition 
Assessment 

Hessen Forst 
FIV 
Prof.-Oelkers-Str. 6 
D-34346 HANN. MÜNDEN 
Phone: +49 5541 7004 16/Fax: +49 5541 7004 73 
e-mail: eichhornj@forst.hessen.de  
Mr Johannes Eichhorn, Chairman 
 

Mr Marco Ferretti, Vice-chairman  
e-mail: m.ferretti@linnaea.org  
 

Mr Andras Szepesi, Vice-chairman  
e-mail: szepesi.andras@aesz.hu
 

Expert Panel 
on Ground Vegetation 
Assessment 

Norwegian Forest Research Institute 
Høgskolevn. 12 
N-1432 ÅS 
Phone: +47 64 94 89 92/Fax:  47 64 94 29 80 
e-mail: dan.aamlid@skogforsk.no 
Mr Dan Aamlid, Chairman 
 

WG on Forest Biodiversity 
Assessment 

Coillte Teoranta 
Research and Development 
Newtownmountkennedy  
IRL- CO. WICKLOW 
Phone: +353 120 11 162/Fax: +3531 20 111 99 
e-mail: Pat.Neville@coillte.ie
Mr Pat Neville, Chairman 
 

Expert Panel on 
Phenology,  
Meteorology and Litterfall 

Institute for Environment and Sustainability 
Via E. Fermi 1 
I-21020 ISPRA (VA), Italy 
Phone: +39 0332 78 6362 /Fax: +39 0332 78 9222 
e-mail : annemarie.bastrup-birk@jrc.it
Ms Annemarie Bastrup-Birk, Chairwoman 
 

 Finnish Forest Research Institute 
Punkaharju Research Station 
Finlandtie 18 
FIN-58450 PUNKAHARJU 
Phone: +358 211 4010/Fax: +358 211 4001 
e-mail: egbert.beuker@metla.fi 
Mr Egbert Beuker, Co-chairman Phenology 
 

 Bavarian State Institute of Forestry  
Am Hochanger 13  
D-85354 FREISING  
Phone: +49 (8161) 71 – 4921Fax:  
e-mail: ras@lwf.uni-muenchen.de
Mr Stephan Raspe, Co-chairman Meteorology 
 

http://www.wsl.ch/phonebook/STAFF/2011.ehtml
mailto:szepesi.andras@aesz.hu
mailto:annemarie.bastrup-birk@jrc.it
mailto:pre@lwf.uni-muenchen.de
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FFCC Bundesamt und Forschungszentrum für Wald 

Seckendorff-Gudent-Weg 8 
A-1131 WIEN 
Phone: +43-1-87838-1114/ Fax:+43-1-87838-1250 
e-mail: alfred.fuerst@bfw.gv.at
Mr Alfred Fürst 
 

FSCC Institute for Nature and Forestry Research - INBO  
Gaverstraat 4 
B-9500 GERAARDSBERGEN 
Tel. +32 54 43 61 75/Fax: +32 54 43 61 60 
e-mail: FSCC@inbo.be  
Ms Nathalie Cools 
 

 
3. Ministries (Min) and National Focal Centres (NFC) 
 
Albania  
(Min) 
(NFC) 

Ministry of the Environment 
Dep. of Biodiversity and Natural Resources Management 
Rruga e Durresit Nr. 27 
TIRANA (ALBANIA) 
Phone: +355 4 270 630 7 624   
FaxPhone: +355 4 270 623 
e-mail: cep@cep.tirana.al
Ms Elvana Ramaj 
 

Andorra 
(Min) 
(NFC) 

Ministry of Agriculture and Environment 
Environmental Department 
C/Prat de la Creu núm. 62-64 
ANDORRA la Vella 
Phone : +376-875707 / +376-869833 
e-mail: silvia_calvo@govern.ad 
Ms Silvia Calvó 
 

Austria 
(NFC) 

Bundesamt und Forschungszentrum für Wald 
Institut für Waldwachstum und Betriebswirtschaft 
Seckendorff-Gudent-Weg 8 
A-1131 WIEN 
Phone: +43 1 878 38 1330/Fax: +43 1 878 38 1250 
e-mail: ferdinand.kristoefel@bfw.gv.at 
Mr. Ferdinand Kristöfel 
markus.neumann@bfw.gv.at
Mr Markus Neumann 
 

(Min) Bundesministerium für Land- und Forstwirtschaft, 
Umwelt und Wasserwirtschaft 
Marxergasse 2 
A-1030 WIEN 
Phone: +43 1 71100 7218/Fax: +43 1 71100 7399 
e-mail: rudolf.themessl@bmlf.gv.at 
Mr R. Themessl 
 

mailto:alfred.fuerst@bfw.gv.at
mailto:FSCC@inbo.be
mailto:cep@cep.tirana.al
mailto:markus.neumann@bfw.gv.at
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Belarus 
(NFC) 

Forest Inventory republican unitary company 
"Belgosles" 
27, Zheleznodorozhnaja St. 
220089 MINSK 
Belarus 
Phone: +375 17 2263105/Fax: +375 17 226 3092 
e-mail: belgosles@open.minsk.by 
Mr V. Kastsiukevich 
 

(Min) Committee of Forestry 
Chkalov-Street 6 
220039 MINSK 
Belarus 
Phone: +375 172 24 03/Fax: +375 172 24 41 83 
e-mail: belgosles@open.minsk.by 
Mr N. Kruk 
 

Belgium 
  Wallonia 
  (Min) 
  (NFC) 

Ministère de la Région Wallonne 
Div. de la Nature et des Forêts 
Dir. des Ressources Forestières 
Avenue Prince de Liège, 15 
B-5000 NAMUR 
Phone: +32 81 33 58 42/Fax: +32 81 33 58 33 
e-mail: c.laurent@mrw.wallonie.be 
Mr C. Laurent 
Mr E. Gérard 
 

  Flanders 
  (Min) 

AMINAL – Forest and Green Areas Division 
Graf de Ferraris-gebouw 
Emile Jacqmainlaan 156 – bus 8 
B-1000 BRUSSELS 
Phone: +322 553 81 02/Fax: +322 553 81 05 
e-mail: carl.deschepper@vlaanderen.be
Mr Carl De Schepper 
 

  Flanders 
  (NFC) 

Institute for Forestry and Game Management  
Gaverstraat 4 
B-9500 GERAARDSBERGEN 
Tel. +32 54 43 71 15/Fax: +32 54 43 61 60 
e-mail: peter.roskams@inbo.be
Mr Peter Roskams 
 

Bulgaria 
(Min) 
(NFC) 

Ministry of Environment and Waters 
National Centre of Environment and 
Sustainable Development 
136, Tzar Boris III blvd. 
BG-1618 SOFIA 
Phone: +359 2 955 98 11/Fax:+359 2 955 90 15 
e-mail: forest@nfp-bg.eionet.eu.int 
Ms. Penka Stoichkova / Mr. Dimitar Kantardjiev (Level I) 
e-mail: forest@nfp-bg.eionet.eu.int 
Ms Genoveva Popova (Level II) 
 

mailto:carl.deschepper@lin.vlaanderen.be
mailto:peter.roskams@inbo.be
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Canada 
(Min) 
(NFC) 

Canadian Forest Service 
Forest Health Science Branch  
580 Booth Street – 7th Floor 
CDN-OTTAWA, ONT K1A 0E4 
Phone: +1 613 947 9015/Fax: +1 613 947 9090 
e-mail: hirvonen@nrcan.gc.ca 
Mr Harry Hirvonen 
 

  Quebec 
  (Min) 
  (NFC) 

Ministère des Ressources naturelles 
Direction de la recherche forestière 
Forêt Quebec 
Complexe scientifique 
2700, Einstein 
CDN-STE. FOY - QUEBEC G1P 3W8 
Phone: + 418 643-7994 Ext. 384/Fax: + 418 643-2165 
e-mail:  rock.ouimet@mrn.gouv.qc.ca 
Mr Rock Ouimet 
 

Croatia 
(NFC) 

Sumarski Institut 
Cvjetno Naselje 41 
10450 JASTREBARSKO 
Phone: +385 1 6273 000/Fax: + 385 1 6273 035 
e-mail: josog@sumins.hr 
Mr Joso Gracan 
 

Cyprus 
(Min) 
(NFC) 

Ministry of Agriculture, 
Natural Resources and Environment 
Cyprus Forestry Department 
P.O.Box 4157 
CY-1414-NIKOSIA, Cyprus 
Phone: +357 22 819490/Fax: +357 22 303935 
e-mail: achristou@fd.moa.gov.cy, publicity@fd.moa.gov.cy 
Mr Andreas K. Christou 
 

Czech Republic 
(NFC) 

Forestry and Game Management 
Research Institute (VULHM) 
Strnady 136 
CZ-15604 PRAHA 516, Zbraslav 
Phone:  +420 2 57892222 
/Fax: +420 2 57921444 
e-mail: lomsky@vulhm.cz 
Mr Bohumir Lomsky 
 

(Min) Ministerstvo zemedelstvi CR, 
Odbor lesniho hospodarstvi 
Tesnov 17 
CZ-11705 PRAHA 1 
Phone: +42 02 2181 2677/Fax: +420 2 2181 2988 
Mr Tomas Krejzar 
 

Denmark 
(NFC) 

Danish Forest and Landscape Research Institute 
Hörsholm Kongevej 11 
DK-2970 HÖRSHOLM 
Phone: +45 3528 1672 /Fax: +45 3528 1517 
e-mail: lv@kvl.dk 
Mr Lars Vesterdal 
 

mailto:Publicity@cytanet.com.cy
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(Min) Minstry of Environment and Energy
Danish Forest and Nature Agency 
Haraldsgade 53 
DK-2100 COPENHAGEN 
Phone: +45 3947 2000/Fax: +45 3927 9899 
e-mail:k06@sns.dk 
Ms Agnete Thomsen 
 

Estonia  
(NFC) 

Estonian Centre for Forest Protection and Silviculture 
Rôômu tee 2 
EE-51013 TARTU 
Phone:+3727 339 713/Fax: +3727 339 464 
e-mail: mmk@uninet.ee / kalle.karoles@metsad.ee 
Mr Kalle Karoles, Director 
 

(Min) Ministry of Environment 
Forest Department 
Bureau of Ecosystems 
Toompuiestee 24 
EE-15172 TALLINN 
Phone: +27 2 6262902/Fax:+2726 262 801 
e-mail: olav.etverk@ekm.envir.ee 
Mr Olav Etverk 
 

Finland 
(NFC) 

Finnish Forest Research Institute 
(METLA) 
Rovaniemi Research Station 
PL 16 
FIN-96301 ROVANIEMI 
Phone: +358 10 211 4552 / Fax: +358 10 211 4001 
e-mail: john.derome@metla.fi 
Mr John Derome 
 

(Min) Ministry of Agriculture and Forestry, Department of Forestry 
Hallituskatu 3 A -  Helsinki 
P.O.Box 30, 
FIN-00023 GOVERNMENT, Finland 
Phone:  +358 9 160 52407 / Fax +358 9 160 52430 
e-mail: anne.vehvilainen@mmm.fi
Ms Anne Vehvilainen  
 

France 
(Min) 
(NFC) 

Ministère de l'agriculture, de l'alimentation, 
de la pêche et des affaires rurales 
Direction de l'espace rural et de la forêt 
Département de la santé des forêts 
19, avenue du Maine 
F-75732 PARIS  Cedex 15 
Phone: +33 1 49 55 51 95/Fax: +33 1 49 55 57 67 
e-mail : jean-luc.flot@agriculture.gouv.fr
Mr Jean Luc Flot 
 

Germany 
(Min) 
(NFC) 

Bundesministerium für Verbraucherschutz, 
Ernährung und Landwirtschaft– Ref. 533 
Postafch 14 02 70 
D-53107 BONN  
 

http://www.sns.dk/
mailto:mmk@uninet.ee
mailto:anne.vehvilainen@mmm.fi
mailto:e-mail%C2%A0:%20jean-luc.flot@agriculture.gouv.fr
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Greece 
(NFC) 

Institute of Mediterranean Forest Ecosystems 
Terma Alkmanos 
P.O. Box 14180 
GR-11528 ATHENS-ILISSIA 
Phone: +30210-7784240/Fax: +30210-7784602 
e-mail: mpag@fria.gr, oika@fria.gr 
Mr George Baloutsos, Mr. Anastasios Economou 
 

(Min) Ministry of Rural Development and Foods 
Gen. Secretariat for Forests and the Natural Environment  
Dir. of Forest Resources Development  
31, Chalkokondili street 
GR – 101 64 ATHENS 
Phone: +30 210 52 42 349 
Fax: +30 210 52 44 135 
e-mail: pbalatso@yahoo.com, skollarou@yahoo.gr
Mr Panagiotis Balatsos, Mrs Sofia Kollarou 
 

Hungary 
(NFC) 

State Forest Service 
Széchenyi u. 14 
H-1054 BUDAPEST 5 
Phone: +36 1 37 43 216/Fax: +36-1-3743206 
e-mail: szepesi.andras@aesz.hu 
Mr Andras Szepesi 
 

(Min) Ministry of Agriculture and Regional Development 
Department of Forestry 
Kossuth Lajos tér 11 
H-1055 BUDAPEST 
Phone: +36 1 301 4025/Fax: +36 1 301 4678 
e-mail: tamas.szedlak@fvm.hu 
Mr Tamas Szedlak 
 

Ireland 
(NFC) 

Coillte Teoranta 
Research and Development 
Newtownmountkennedy  
IRL- CO. WICKLOW 
Phone: +353 120 11 162/Fax: +3531 20 111 99 
e-mail: Pat.Neville@coillte.ie
Mr Pat Neville 
 

(Min) Ministry of the Marine and Natural Resources 
Department of Forest Service 
Leeson Lane 
IRL-DUBLIN 2 
Phone: +353 1 6199383/Fax: +353 1 6623180 
kevin.collins@marine.irlgov.ie 
Mr Kevin Collins 
 

Italy 
(Min) 
(NFC) 

Ministry for Agriculture and Forestry Policy 
VI Div. - National Forest Service 
Conecofor Service 
Via Sallustiana 10 
I-00187 ROMA 
Phone: +39 06 466 56 523/Fax: +39 06 483 498 
e-mail: conecofor@corpoforestale.it 
Mr Bruno Petriccione 

mailto:mpag@fria.gr
mailto:pbalatso@yahoo.com
mailto:skollarou@yahoo.gr
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Latvia 
(Min) 

Ministry of Agriculture 
Department of Forest Resources and Forest Economy 
Republikas laukums 2 
LV-1981 RIGA 
Phone: +371 7027285/ Fax:+371 7027094 
e-mail: lasma.abolina@zm.gov.lv 
Ms Lasma Abolina 
 

(NFC) State Forest Service of Latvia 
Division of Environment Protection 
13. Janvara iela 15 
LV-1932 RIGA 
Phone: +371 7222820/Fax: +371 7211176 
e-mail: ieva.zadeika@vmd.gov.lv 
Ms Liene Suveizda 
 

Liechtenstein 
(Min) 
(NFC) 

Amt für Wald, Natur und Landschaft 
Dr. Grass-Strasse 10 
FL-9490 VADUZ 
Phone: +423 236 64 01/Fax: +423 236 64 11 
e-mail: felix.naescher@awnl.llv.li 
Mr Felix Näscher 
 

Lithuania 
(NFC) 

State Forest Survey Service 
Pramones ave. 11a 
LT-3031 KAUNAS 
Phone: +370 37 490210/Fax: +370 37 490251 
e-mail: vmt@lvmi.lt
Mr Andrius Kuliesis 
 

(Min) Ministry of Environment 
Dep. of Forests and Protected Areas 
A. Juozapaviciaus g. 9 
LT-2600 VILNIUS 
Phone: +370 2 723648/Fax: +370 2 72 20 29 
e-mail: valdas.v@gamta.lt 
Mr Valdas Vaiciunas 
 

Luxembourg 
(Min) 
(NFC) 

Administration des Eaux et Forêts 
Service de l'Aménagement des Bois et de  
l'Economie Forestière 
16, rue Eugène Ruppert 
L-2453 LUXEMBOURG-Ville (Cloche d’Or) 
Phone: +352 402 201 206/Fax: +352 402201 250 
e-mail: claude.parini@ef.etat.lu 
Mr Claude Parini 
 

Moldova 
(Min) 
(NFC) 

State Forest Agency 
124 bd. Stefan Cel Mare 
MD-2001 CHISINAU / MOLDOVA 
Phone : +37322 27 23 06/Fax : +37322 2773 45 
e-mail: icaspiu@starnet.md 
Mr Anatolie Popusoi 
 

mailto:vmt@lvmi.lt
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The Netherlands 
(NFC) 
(Min) 

Ministry of Agriculture, Nature and Food Quality 
Expertisecentrum LNV  
P.O.Box 482 
NL-6710 BL  Ede 
Phone: +31 318 822860/Fax: +31 318 822550 
e-mail: g.t.m.grimberg@minlnv.nl 
Mr Gerard Grimberg 
 
 

Norway 
(NFC) 

Norwegian Forest Research Institute 
Høgskoleveien 8 
N-1432 ÅS 
Phone: +47 64 94 89 92/Fax: +47 64 94 29 80 
e-mail: dan.aamlid@skogforsk.no
Mr Dan Aamlid 
 

(Min) Norwegian Pollution Control Authority (SFT) 
Dep. for Environmental Strategy 
Section for Environmental Monitoring 
P. O. Box 8100 Dep 
Strömsveien 96 
N-0032 OSLO 1 
Phone: +472 257 3400/Fax: +472 257 67 06 
e-mail: tor.johannessen@sft.no 
Mr Tor Johannessen 
 

Poland 
(NFC) 

Forest Research Institute 
Bitwy Warszawskiej 1920 nr. 3 
PL-00973 WARSZAWA 
Phone: +48 22 822 32 01/Fax: +48 22 822 49 35 
e-mail: j.wawrzoniak@ibles.waw.pl 
Mr Jerzy Wawrzoniak 
 

(Min) Ministerstwo Srodowiska 
Ministry of Environment 
Wawelska 52/54 
PL-00 922Warszawa 
Phone: +48 22 579 2580/Fax: +48 22 579 2290 
e-mail: elenart@mos.gov.pl 
Mr Edward Lenart 
 

Portugal 
(Min) 
 

Ministério da Agricultura, do Desenvolvimento Rural e das Pescas 
Direcção-Geral dos Recursos Florestais 
Av. João Crisostomo 26-28 
P-1069-040 LISBOA 
Phone: +351 21 312 48 00/Fax: +351 21 312 49 88 
e-mail: info@dgrf.min-agricultura.pt 
 

(NFC) Direcção Geral dos Recursos Florestais 
Divisão de Protecção e Conservação Florestal  
Av. João Crisóstomo 26-28 
P-1069-040 LISBOA 
Phone: +351 21 312 48 96/Fax: +351 21 312 49 87 
e-mail: mbarros@dgrf.min-agricultura.pt 
Ms Maria Barros 
e-mail: jrodrigues@dgrf.min-agricultura.pt
Mr José Rodrigues 

mailto:dan.aamlid@skogforsk.no
mailto:jrodrigues@dgrf.min-agricultura.pt
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Romania 
(Min) 
(NFC) 

Forest Research and Management Institute 
Sos. Stefanesti nr. 128 sector 2 
RO-72904 BUKAREST 
Phone: +40 21 270 33 16/Fax (and phone): +40 21 270 33 60  
e-mail: biometrie@icas.ro 
Mr Romica Tomescu/ Mr. Ovidiu Badea 
 

Russian Fed. 
(Min) 

Ministry of Nature Resources (MINPRIRODA) 
Dept. of International Environment Cooperation 
Div. of International Conventions and Agreements 
B. Grusinskaya str. 4/6 
RUS-MOSKVA D-242, GSP-5, Russia 123995 
Fax: +7 095 254 8283 
e-mail: karnat@mnr.gov.ru
Ms Nataly Karpova 
 

(NFC) St. Petersburg State University (SpbSU) 
Biological Research Institute 
Oranienbaumskoe schosse 2 
RUS-198504 Petrodvoretz, St. Petersburg 
Phone: +7 812 4277310/Fax: +7 812 4284677, 4277310 
e-mail: corina@mail.dux.ru, Natalia.Goltsova@pobox.spbu.ru 
Ms Natalia Goltsova 
 

Serbia and Montenegro 
(Min) 
 

Ministry for Protection of Natural Resources and Environment 
Directorate for Forest 
Republic of Serbia 
Dr. Ivana Ribara street 91 
SCG -11000 BEOGRAD  
Phone: +381 11 361 63 68/Fax: 381 11 158 793 
e-mail: ekabin@ekoserb.sr.yu / minpsum@ptt.yu
Mr Aleksandar Vasiljevic 
 

(NFC) 
 

Institute for Forestry 
Kneza Viseslava street 3 
SCG -11000 BEOGRAD  
Phone: +381 11 553 454/Fax: +381 11 545 969 
e-mail: inszasum@Eunet.yu / nevenic@Eunet.yu
Mr Radovan Nevenic 
 

Slovak Republic 
(NFC) 

Lesnicky vyskumny ustav 
T.G. Masaryka 22 
SK-96092 ZVOLEN 
Phone: +421 45 5314 149/Fax: +421 45 5321 883 
e-mail: tomas.bucha@fris.sk 
Mr Tomás Bucha 
 

(Min) Ministerstvo podohospodarstva  
Dobrovicova 12 
SK-81266 BRATISLAVA 
Phone: +4217 59266530 Fax: +4217 59266517 
e-mail: carny@mpsr.sanet.sk 
Mr Juraj Balkovic 
 

mailto:karnat@mnr.gov.ru
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mailto:minpsum@ptt.yu
mailto:inszasum@Eunet.yu
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Slovenia 
(NFC) 

Gozdarski institut Slovenija 
Slovenian Forestry Institute 
Vecna pot 2 
SLO-1000 LJUBLJANA 
Phone +3861 200 78 00/Fax:+3861 257 35 89 
e-mail: nike.pogacnik@gozdis.si 
Ms Nike Krajnc 
 

Spain 
(NFC) 

Dirección General para la Biodiversidad 
(DGB) 
Servicio de Protección de los Montes 
Contra Agentes Nocivos (SPCAN) 
Gran Vía de San Francisco, 4 
E-28005 MADRID 
Phone: +3491 596 4812/Fax: +3491 596 48 72 
e-mail: gsanchez@mma.es 
Mr Gerardo Sanchez Peña 
 

(Min) Ministerio de Medio Ambiente 
(DGB)  
Dirección General para la Biodiversidad - DGB 
Gran Vía de San Francisco, 4 
E-28005 MADRID 
Phone: +34 91 596 48 20/Fax: +34 91 596 48 71 
e-mail: jherranz@mma.es 
Mr José Luis Herranz Sáez 
 

Sweden  
(Min) 
(NFC) 

National Board of Forestry 
Vallgatan 6 
S-551 83 JÖNKÖPING 
Phone: +46 36 15 57 15/Fax: +46 36 16 61 70 
e-mail: sture.wijk@svo.se 
Mr Sture Wijk 
 

Switzerland 
(NFC) 

Eidgenössische Forschungsanstalt für Wald,  
Schnee und Landschaft (WSL) 
Zürcherstr. 111 
CH-8903 BIRMENSDORF 
Phone: +41 44 739 25 95/Fax: +41 44 739 22 15 
e-mail: kraeuchi@wsl.ch 
Mr Norbert Kräuchi 
 

(Min) Bundesamt für Umwelt, Wald und Landschaft 
Eidgenössische Forstdirektion 
Papiermühlestr. 172 
CH-3003 BERN 
Phone: +41 31 324 77 86/Fax: +41 31 324 77 89 
e-mail: richard.volz@buwal.admin.ch 
Mr Richard Volz 
 

Turkey 
(NFC) 

Ormancilik Arastirma Enstitüsü Müdürlügü 
 P.K. 24 Bahcelievler 
TR-06561 GAZI-ANKARA 
Phone: +90 312 21 31 734/Fax: +90 312 21 22 944 
Mr Yasar Simsek 
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(Min) General Directorate of Forestry 

Orman Genel Mudurlugu Gazi Tesisleri 
APK 1 Nolu Bina 
TR-06561 Gazi-Ankara 
Phone: +90 312 212 80 42/Fax: +90 312 222 73 36 
e-mail: apk@ogm.gov.tr
Mr Atatürk Ormanciftligi 
 

Ukraine 
(NFC) 

Ukrainian Research Institute 
of Forestry and Forest Melioration 
Laboratory of Forest Monitoring and Certification 
Pushkinskaja 86 
UKR-61024 KHARKIV 
Phone: +38057 7078049/ Fax: +38057 7078057 
e-mail: buksha@uriffm.org.ua 
Mr. Igor F. Buksha 
 

(Min) State Committee of Forestry 
of the Ukrainian Republic 
5, Chreshchatic 
UKR-252001 KIEV 
Phone: +380 44 22 8 78 58/Fax: +380 44 228 77 94 
e-mail: yyy@mlg.kiev.ua 
Mr Victor Kornienko 
 

United Kingdom 
(NFC) 

Forest Research Station 
Alice Holt Lodge, Wrecclesham 
UK-FARNHAM SURREY GU10 4LH 
Phone: +44 1 420 526202/Fax: +44 1 420 23653 
e-mail: andy.moffat@forestry.gsi.gov.uk 
Mr Andrew J Moffat 
 

(Min) Air and Environment Quality Division 
DETR 
Ashdown House,  zone 4/F15 
123 Victoria Street 
London 
SW1E 6DE 
United Kingdom 
Phone: +44 (0)20 7082 8373/Fax: +44 (0)20 7082 8385 
e-mail: alison.vipond@defra.gsi.gov.uk
Ms Alison Vipond 
 

United States 
of America 
(NFC) 

USDA Forest Service 
Pcific Southwest Research Station 
4955 Canyon Crest Drive 
USA-RIVERSIDE, CA 92507 
Phone: +1 951 680 1562/Fax: +1 951 680 1501 
e-mail: abytnerowicz@fs.fed.us
Mr Andrzej Bytnerowicz 
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(Min) National Program Leader for Atmospheric Sciences 

USDA Forest Service 
Wildlife, Fisheries, Watershed & Air Research 
P.O. Box 96090 
USA-WASHINGTON, DC 20090-6090 
Phone: +1 703 605 5280/Fax: +703 605 0279 
e-mail: ariebau@fs.fed.us
Mr Allen Robert Riebau, Ph.D. 
 

Working Group on Effects  
 

WEG Umweltbundesamt 
FG II 1.2 
Bismarckplatz 1 
D-14193 BERLIN 
Phone: +49 30 8903 3846/Fax: +30 8903 2907 
e-mail: heinz-detlef.gregor@uba.de 
Mr Heinz-Detlef Gregor, Prof. Dr., Chairman 
 

ICP Freshwaters Norwegian Institute for Water Research 
P.O. Box 69 Korsvoll 
N-0808 OSLO 8 
Phone: +4722 185 140/Fax: +4722 18 52 00 
e-mail: merete.johannessen@niva.no
Ms Merete Johannessen 
 

ICP Vegetation Centre for Ecology and Hydrology, Orton Building 
Bangor Research Unit 
University of Wales Bangor 
Deiniol Road 
UK-BANGOR, GWYNEDD LL57 2UP 
Phone: +44 1248 370045/Fax: +44 1248 355365 
e-mail: hh@ceh.ac.uk 
Mr Harry Harmens 
 

ICP Integrated 
Monitoring 

Swedish University of Agricultural Sciences 
Dep. of Environmental Assessment 
P.O. Box 7050 
S-75007 UPPSALA 
Phone: +46 18 673 109/Fax: +46 18 673 156 
e-mail: lars.lundin@ma.slu.se  
Mr Lars Lundin 
 

 Finnish Environment Institute 
P.O. Box 140 
FIN-00251 HELSINKI 
Phone: +358 9 40 300 308/Fax: +358 9 40 300 390 
e-mail: martin.forsius@vyh.fi 
Mr Martin Forsius 
 

ICP Materials Swedish Corrosion Institute 
Roslagsvägen 101, Hus 25 
S-10405 STOCKHOLM 
Phone: +46 8 790 98 34/Fax: +46 8 16 72 70 
e-mail: vladimir.kucera@corr-institute.se
Mr Vladimir Kucera 
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ICP Modelling and Mapping Umweltbundesamt 
FG II 4.4:  Wirkungen auf terrestrische Ökosysteme 
Wörlitzer Platz 1 
D-06844 Dessau 
Phone: +340 2103 3155/Fax +340 2104 3155 
e-mail till.spranger@uba.de 
Mr Till Spranger 
 

Netherlands Environmental 
Assessment Agency 

Netherlands Environmental Assessment Agency 
MNP 
Antonie van Leeuwenhoeklaan 9 
P. O. Box 303 
NL-3720 BA BILTHOVEN 
Phone: +31 30 2749111/Fax: +31 30 2742971 
e-mail: jean-paul.hettelingh@mnp.nl
Mr Jean-Paul Hettelingh, Head 
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For further information please contact: 

Federal Research Centre for Forestry and Forest Products 
PCC of ICP Forests 
Dr. M. Lorenz 
Leuschnerstr. 91 
D-21031 HAMBURG 
Internet: http://www.icp-forests.org 
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