
Results of the first digital European Photo 
International Cross-comparison Course 2025 
(Photo ICC 2025) as part of the quality assurance 
of the crown condition assessment 

Stefan Meining. Judith Bielefeldt. Viktoria Dietrich. Nicole Wellbrock 

Thünen Working Paper 292 



 

 

 

Stefan Meining 

Büro für Umweltüberwachung, Freiburg 

 

Judith Bielefeldt, Dr. Viktoria Dietrich, Dr. Nicole Wellbrock 

Thünen-Institut für Waldökosysteme 

 

Thünen-Institut für Waldökosysteme 

Alfred-Möller-Str. 1. Haus 41/42 

16225 Eberswalde 

 

E-Mail: judith.bielefeldt@thuenen.de 

 

Thünen Working Paper 292 

©2026 the authors, Thünen Institute. This is an open access publication distributed under the terms and 

conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0) license 

Braunschweig/Germany, 25.06.2026 

 



Abstract 

The International Photo Cross-comparison Course (Photo ICC 2025) was conducted to ensure the quality of visual 

crown condition assessments within the framework of the ICP Forests monitoring program. For the first time, the 

course was implemented entirely as a web-based application in a regular operational format. As in previous years, 

it was carried out separately for Northern, Central, and Mediterranean Europe, covering the main tree species in 

each region. In total, 208 teams from 27 countries participated—the highest number of participating countries to 

date—resulting in more than 18,000 individual assessments of crown pictures. 

Overall, the results show that most countries are, on average, close to the regional reference median, and that 

the mean absolute deviation between countries remains below 5 percentage points for the majority of regions 

and tree species. Nevertheless, notable differences in assessment results were observed for some countries. 

Larger deviations occur particularly for Picea abies in Northern and Central Europe and for Pinus sylvestris in the 

Mediterranean region. 

The analysis of temporal continuity between the Photo ICC 2021 and 2025 shows a heterogeneous pattern. For 

most tree species, no significant differences were detected, indicating a generally stable assessment over time. 

However, significant changes were identified for individual species in Northern and Central Europe. These 

differences are likely influenced, at least in part, by changes in personnel. This highlights the importance of 

continuous training and capacity building to maintain consistent and reliable crown condition assessments. In this 

context, the combination of international and national field and photo-based intercalibration courses 

represents an effective approach to quality assurance. 
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1 Introduction 

The forest condition survey has been conducted in Europe since the early 1980s and represents a key instrument 

for monitoring forest health and its temporal development. The data collected provide essential information on 

changes in tree vitality and allow conclusions to be drawn about influencing factors such as atmospheric 

deposition and the impacts of climate change. In this context, quality assurance is of particular importance in the 

“International Co-operative Programme on Assessment and Monitoring of Air Pollution effects on Forests (ICP-

Forests)”, as the comparability of results over long time periods must be ensured. This is especially relevant given 

the increasing personnel changes within assessment teams in recent years. 

To ensure a consistent assessment of crown condition, annual field intercalibration courses have traditionally been 

carried out. In addition, the Photo Cross-comparison Course (Photo ICC) has become an important complementary 

tool for quality assurance. Compared to field courses, it offers several advantages, including broader participation, 

greater flexibility in timing, and fully documented and reproducible data collection. Furthermore, the 

organizational and financial effort required is considerably lower than for field-based training. While printed photo 

sets were used in the past, the digital format facilitates both the provision of pictures and participation for the 

teams. 

A first web-based implementation was tested in 2023 as part of a pilot study. The results indicated that differences 

between analog and digital assessments of crown pictures were minimal and within the usual range of estimation 

uncertainty (Meining et al. 2024). Based on these findings, the Photo Cross-comparison Course was further 

developed and fully transitioned into a digital format. 

The results presented in this report, as well as the detailed team-level evaluations provided separately to the 

national coordinators, aim to further improve the accuracy of crown condition assessments and to ensure the 

long-term quality and consistency of the data collected. 

  



Methods 2 

 

2 Methods 

The International Photo Cross-comparison Course (Photo ICC) is a key instrument for quality assurance in forest 

crown condition survey in Europe. Since 2010, it has been conducted as a European comparison test (Eichhorn et 

al. 2010a). The aim of the photo comparison course is to improve the comparability of the visual assessment of 

crown condition and to highlight potential differences in the assessments. Since 2015, the test has been held every 

two years. 

Until 2021, the pictures used in the photo comparison course were printed on high-quality paper and distributed 

to participating teams by mail. As part of the further development of the process, a web-based application for 

digital image analysis was implemented for the first time in 2023 as a pilot project for Central Europe. The primary 

objective of the 2023 comparison course was to assess the comparability of results obtained using the former 

analog approach and the new digital method. In this context, the 2023 comparison test primarily aimed to evaluate 

the extent to which the assessment results from the previous analog procedure are comparable to those obtained 

through the digital implementation. Particular emphasis was placed on ensuring methodological consistency 

between the two formats (Meining et al. 2024). The Photo ICC 2025 therefore represents the first official 

implementation carried out entirely in a digital format for all parts of Europe. 

As in previous years, the Photo ICC 2025 was conducted separately for Northern, Central, and Mediterranean 

Europe. For each region, sets of 30 crown pictures were compiled, representing the most common tree species: 

Norway spruce and Scots pine for Northern Europe; Norway spruce, Scots pine, European beech, and European 

oak for Central Europe; and maritime pine, Scots pine, and Mediterranean oak for Mediterranean Europe 

(Table 1). 

All pictures were provided by national experts involved in the crown condition survey and stored in a database 

that now contains more than 1000 pictures across all regions. The selection of the photos for the Photo ICC 2025 

aimed to generate a wide range of defoliation scores. Particular attention was paid to ensuring a good 

representation of photos of trees with light to moderate damage. Each image was labeled with a double-sided 

scale from one to ten to indicate the assessment range and was uniquely numbered for analysis (Figure 1). 

Table 1: European regions and tree species of the Photo ICC 2025. 

Region Tree species 

Northern Europe Norway spruce (Picea abies) 

  Scots pine (Pinus sylvestris) 

Central Europe Norway spruce (Picea abies) 

  Scots pine (Pinus sylvestris) 

  European Beech (Fagus sylvatica) 

  European Oak (Quercus robur and Q. petraea) 

Mediterranean Europe Maritime pine (Pinus pinaster) 

  Scots pine (Pinus sylvestris) 

  Mediterranean oak (Quercus ilex) 
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Figure 1: Examples of pictures used in the Photo ICC 2025.Pinus pinaster – Northern Europe. Picture contain a 

double scale for defining the assessable crown. 

 

Photo: Stefan Meining 

The Photo ICC 2025 took place from 5 April to 30 September 2025. Following a final reminder, the period was 

extended by an additional week. Participating teams were provided with password-protected access to the web 

application. The right to participate was verified by cross-checking with the official country registration list. 

Participants were free to carry out the assessments either as a team or individually, and it was also possible to 

assess only selected tree species. The evaluations were based on the definition of the widest crown extent 

(“widest span”) as described in the ICP Manual (Eichhorn et al 2020) Detailed instructions for conducting the photo 

comparison course were made available to all participants within the web application (Annex 1). 

In total, 208 teams from 27 different countries participated in the Photo ICC (Table 2) - more different countries 

than ever before. In Northern Europe ten different countries with 35 teams participated. In Central Europe 

19 countries with 145 teams, and in Mediterranean Europe seven countries with 28 teams participated. The 

number of attending teams per country varied from one to 64. Several countries participated in different regions: 

France in all three regions, Denmark, Ireland, Latvia, Luxembourg and United Kingdom for Northern and Central 

Europe, and Bulgaria and Croatia for Central and Mediterranean Europe. Individual teams from Germany and 

Romania that participated in the Northern course were excluded from the analysis for reasons of regional 

affiliation. 
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Table 2: European regions and number of teams and pictures assessed in the Photo ICC 2025. 

 
  

country

Number of 

teams

Pinus 

sylvestris

Picea     

abies all

Denmark 3 90 90 180

Estonia 4 120 120 240

France 7 30 180 210

Ireland 1 30 30 60

Latvia 3 90 90 180

Lithuania 3 90 90 180

Luxembourg 1 30 30

Norway 11 330 330 660

Sweden 1 30 30 60

United Kingdom 1 30 30

Northern all 35 810 1.020 1.830

country

Number of 

teams

Pinus 

sylvestris

Picea     

abies

Fagus 

sylvatica

Quercus 

ssp. all

Belgium 3 60 90 90 90 330

Bulgaria 2 30 30 30 90

Croatia 1 30 30 60

Czech Republ ic 4 120 120 120 120 480

Denmark 4 60 60 120 120 360

France 26 390 360 420 660 1.830

Germany 64 1.650 1.830 1.710 1.680 6.870

Hungary 3 90 90 90 90 360

Ireland 1 26 26

Ita ly 1 30 30

Latvia 1 30 30 60

Luxembourg 2 60 30 60 60 210

Romania 17 330 480 450 420 1.680

Slovak Republ ic 4 120 120 120 120 480

Slovenia 2 60 60 60 60 240

Switzerland 7 210 210 210 210 840

Türkiye 1 30 26 27 25 108

Ukra ine 1 30 30 30 30 120

United Kingdom 1 30 30 30 90

Central all 145 3.300 3.566 3.623 3.775 14.264

country

Number of 

teams

Pinus 

sylvestris

Pinus 

pinaster

Quercus     

ilex all

Bulgaria 1 30 30

Croatia 1 30 30

Cyprus 1 30 30 30 90

France 4 30 120 60 210

Greece 2 60 60 120

Portugal 2 60 60

Spain 17 510 510 510 1.530

Mediterranean all 28 600 720 750 2.070

all Regions in total 208 18.164
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A total of 18,164 pictures were assessed by participants and included in the analysis. Of these, 1,830 ratings were 

for Northern Europe, 14,264 for Central Europe, and 2,070 for the Mediterranean region. In some cases, 

substantial differences were observed in the number of evaluated pictures per tree species within these regions. 

The teams were tasked with assigning the assessable crown to each picture based on the provided scale and 

estimating defoliation from 0 to 100%. A detailed assessment of damage cause according to the ICP Manual was 

deliberately not included as part of the course, as a differentiated diagnosis of individual damage symptoms is 

only limitedly feasible from photographs. 

For each species, 15 of the 30 pictures within a given photo set had already been assessed during the 

Photo ICC 2021. This overlap made it possible to evaluate the consistency and continuity of crown condition 

assessments over time, providing an opportunity to compare how individual trees were rated across different 

survey periods. Such comparisons provide valuable insights into the stability of the evaluation criteria and may 

help to identify potential trends or systematic changes in the assessment of crown condition.  However, these 

results should be interpreted while bearing in mind that some personnel changes occurred between two photo 

surveys. 

Analysis 

In this report, the main results are generally presented at the country level. All participating countries were coded 

using codes from C1 to C27. The unencrypted country names and further analyses at the team level will be 

provided separately to the countries for internal review. 

Since there was no “true” defoliation value for each image, the results of individual countries or teams were 

compared to a regional mean used as reference. To do this, the arithmetic mean of all teams within each country 

was first calculated. Then, this country-level mean was compared to the median of all country-level means within 

the region. This approach produces a reference value that is not influenced by the number of teams in each 

country. The median was deliberately chosen as the reference value per tree species to minimize the influence of 

extreme outliers from individual countries. 
 
 
 
 
 
 
 
 
 
 
 
 

When evaluating the 30 pictures per tree species, a deviation of up to ±5 percentage points from the reference 

median is considered acceptable. Larger deviations of ±10 percentage points or more are highlighted in color in 

the graphs.  

Extreme values of defoliation (outliers) were identified by comparing all ratings of each team with the median of 

all country-level means (per picture and region). Single picture assessments of each team were classified as 

outliers if they are outside an assessment level of ±10% (with reference to the quality standards of the ICP-

Manual).  

Correlations between countries were calculated using the Spearman correlation coefficient. This coefficient ranges 

from 0 to 1, where 0 indicates no correlation and 1 represents perfect correlation. Higher values reflect a greater 

level of agreement between two countries. For countries represented by more than one team, defoliation 

if n is odd 

 

 

if n is even 

 

 

x: mean defoliation of the country 

n: number of countries 

country mean =  xc  

Reference median = median(country mean1, , country mean2, …, country meann) 
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assessments for individual pictures were averaged across teams. Averaging assessments at the country level is 

expected to inflate correlation values compared with analyses conducted at the team level. Consequently, 

correlation results from the Photo ICC are not directly comparable with those from the Field ICC, where countries 

are typically represented by individual teams. 

To assess the continuity of defoliation estimates over the years from 2021 to 2025 for each region, the intraclass 

correlation coefficient (ICC) was used. It was calculated separately for each tree species and region. As with the 

Spearman correlations, for countries represented by more than one team, defoliation assessments of individual 

pictures were averaged across teams. Averaging assessments at the country level is expected to inflate ICC values 

compared with analyses conducted at the team level. Therefore, ICC results from Photo ICC 2025 are not directly 

comparable with those from the Field ICC, where countries are typically represented by individual teams. An 

ICC value of 1 indicates perfect agreement, while 0 indicates no agreement. 

All analyses were performed using the statistical software R version 4.3.1 (R Core Team 2023). 
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3 Results 

3.1 Single Pictures 

The mean defoliation values of individual crown pictures are shown as boxplots for Northern Europe in Figure 2, 

Central Europe in Figure 3 and Mediterranean Europe in Figure 4. The pictures are arranged in ascending order 

according to the median defoliation. For all species, the full range of defoliation values—from low to high—is well 

represented. 

For Northern Europe, a comparatively large number of pictures of Pinus sylvestris show a mean defoliation level 

of less than 20%, while pictures with higher defoliation level (>60%) are less common. A similar pattern can be 

observed for Picea abies and Pinus sylvestris in Central Europe and Quercus ilex in the Mediterranean region. 

In addition to the median, the boxplots also illustrate the spread of assessments for each picture (orange boxes): 

deviations from the median tend to be higher at intermediate defoliation levels, whereas for very low or very high 

defoliation, team assessments are often more consistent. Exceptions to this pattern can be observed in individual 

pictures of Pinus sylvestris in Central Europe and in the Mediterranean region, where a wide distribution of 

assessments occurs even at high defoliation levels. Open circles indicate individual outliers that deviate markedly 

from the median. In a few cases, very large deviations from the median can be observed. However, these outliers 

originate from different individuals and are retained in the analysis. 

Figure 2: Northern Europe - Boxplots of the mean defoliation for each picture by tree species. The pictures are 

sorted in ascending order according to the median crown transparency. 

 

Source: own Illustration 
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Figure 3: Central Europe - Boxplots of the mean defoliation for each picture by tree species. The pictures are 

sorted in ascending order according to the median crown transparency. 

 

Source: own Illustration 
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Figure 4: Mediterranean Europe - Boxplots of the mean defoliation for each picture by tree species. The pictures 

are sorted in ascending order according to the median crown transparency. 

 

Source: own Illustration 

It is apparent that a few pictures exhibit particularly high variability, characterized by a comparatively wide 

distribution of assessments. Examples include picture 7 for Pinus sylvestris in Northern Europe, picture 19 for 

Fagus sylvatica in Central Europe or picture 22 for Quercus ilex in Mediterranean Europe (Figure 5).  

Such increased deviations indicate greater uncertainty in the evaluations. This is often due to difficulties in defining 

the assessable crown. In particular, freestanding trees with dead branches in the upper crown and, in some cases, 

already developed secondary crown tend to show greater variability in estimated defoliation. Potential influences 

from past or present competition with neighboring trees can further complicate the assessment, as it is usually 

not possible to determine from the picture whether dead crown parts result from competition or from a loss of 

vitality. Furthermore, factors such as mistletoe infestation, drought, insect infestation, crown breakage or similar 

damage can make picture assessment more difficult. 
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Figure 5: Picture showing a higher spread in the assessment of crown defoliation. Pinus sylvestris in Northern 

Europe (Picture 7), Fagus sylvatica in Central Europe (Picture 13), Quercus ilex in Mediterranean 

Europe (Picture 22). 

 

Photos: Pinus sylvestris and Quercus ilex:  Stefan Meining; Fagus sylvatica: Andras Koltay 
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3.2 Mean Defoliation 

The mean values of the 30 pictures assessed per tree species vary considerably between countries, depending on 

the region and tree species (Figure 6 to Figure 8). For most countries, deviations less than +-5 percentage points 

from the median were observed. However, some countries show distinct patterns, with mean defoliation values 

for all tree species consistently either above or below the reference value.  

For Northern Europe, the median values across all countries are 46.6 for Picea abies and 43.2 for Pinus sylvestris 

(Annex 2). The mean defoliation of the countries ranges from -17.5 to +5.4 percentage points relative to the 

median of Picea abies and from -22.9 to +4.8 for Pinus sylvestris.  Three countries show deviations greater than 

5% for Picea abies, additionally one exceeding also 10%. In contrast, for Pinus sylvestris, only one country shows a 

deviation greater than 10%. For both species, the mean defoliation of country C17 is notably below the overall 

median. The mean absolute differences are 5.4 for Picea abies and slightly lower at 4.2 for Pinus sylvestris. 

For Central Europe, the median value across all countries is 39.3 for Picea abies, 44.3 for Pinus sylvestris, 42.5 for 

Fagus sylvatica, and 50.7 for Quercus robur (Annex 3). The mean defoliation of the countries ranges from -22.4 to 

+7.1 percentage points relative to the median of Picea abies, from -12.8 to +5.8 for Pinus sylvestris, from -16.6 to 

+8.4 for Fagus sylvatica, and from -10.9 to +6.3 for Quercus ilex.  

Nine of the 15 participating countries for Central Europe show higher deviations for Picea abies. In six countries 

the deviation exceeds 5%, and in even three countries it exceeds 10%. For Pinus sylvestris the results are 

significantly better, with only one country exceeding the 5%, and only one exceeding the 10% threshold. For Fagus 

sylvatica and Quercus robur, four countries each show deviations greater than 5% to the median, and two 

countries each show deviations higher than 10%. Country C15 has the lowest mean value across all four species. 

The mean absolute difference ranges from 2.8 (Pinus sylvestris) to 6.1 (Picea abies).  

For Mediterranean Europe, the median value across all countries is 33.6 for Pinus pinaster, 35.3 for Pinus sylvestris 

and 37.3 for Quercus ilex (Annex 4). The mean of participating countries ranges between -0.6 and +17.8 percentage 

points to the median for Pinus pinaster, -10.2 and +10.2 for Pinus sylvestris and -2.2 and 12.1 for Quercus ilex.   

For Pinus pinaster, three out of four participating countries are close to the reference median, while one country 

shows a larger deviation. For Pinus sylvestris, two countries slightly exceed the +-10 percentage point threshold, 

one country with a higher and one with a lower mean value. For Quercus ilex, only one country shows a deviation 

greater than 10 percentage points, while all others remain within +-5 percentage points from the median. For all 

species, the mean defoliation level of country C8 is significantly above the overall median, while most other 

countries are much closer to the reference value. The mean absolute difference ranges from 3.8 (Quercus ilex) to 

5.8 (Pinus sylvestris).  
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Figure 6: Northern Europe – Mean deviation for each country of the median defoliation for Picea abies (left) 

and Pinus sylvestris (right). The mean absolute difference (MAD) is shown for each tree species. 

 

Source: own Illustration 

Figure 7: Central Europe – Mean deviation for each country of the median defoliation for Picea abies and Pinus 

sylvestris (above) and Fagus sylvatica and Quercus robur (below). The mean absolute difference 

(MAD) is shown for each tree species 

 

Source: own Illustration 
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Figure 8: Mediterranean Europe – Mean deviation for each country of the median defoliation for Pinus pinaster 

and Pinus sylvestris (above) and Quercus ilex (below). The mean absolute difference (MAD) is 

shown for each tree species. 

 

Source: own Illustration 
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3.3 Outliers 

In addition to the mean defoliation values, the number and direction of extreme deviations (outliers) provide 

important information for interpreting the assessments. Individual picture evaluations deviating by more than 

±10 percentage points from the respective median across all countries are considered outliers. The mean number 

and direction of outliers of the assessed 30 pictures per country are illustrated in Figure 9 to Figure 11 for all 

regions and species.  

The outlier analysis largely confirms the differences previously described for mean defoliation values. Countries 

with lower mean values predominantly exhibit negative outliers (underestimations), whereas countries with 

higher mean values tend to show more positive outliers (overestimations). 

For Northern Europe, countries C14 and C15 show the lowest number of outliers for Picea abies, with four cases 

each. For Pinus sylvestris, country C23 also shows a comparatively low number of outliers, with four cases. In 

contrast, country C17 exhibits a high number of negative outliers, with 17 cases for Picea abies and 19 for Pinus 

sylvestris, corresponding to the high deviations of defoliation values.  

For Central Europe, country C5 shows no outliers for Picea abies, whereas countries C25 and C19 exhibit high 

numbers, with 16 and 17 cases, respectively. Comparatively fewer outliers are observed for Pinus sylvestris.  

Country C26 shows here the lowest number, with three cases, while country C25 has the highest, with 14 cases. 

For Fagus sylvatica, the number of outliers ranges from 0 in country C12 and 18 in country C25. For Quercus robur, 

country C3 shows the lowest number of outliers, with three cases, whereas countries C25 and C19 again exhibit 

the highest numbers, with 14 and 16 cases, respectively.  

For Mediterranean Europe, country C4 shows one outlier for Pinus pinaster. In contrast, country C8 has the highest 

number overall, with 20 outliers. For Pinus sylvestris, country C4 again shows the lowest number of outliers, with 

two cases. Here, country C2 has in total the highest number of outliers, with 16 cases (mainly negative outliers), 

followed by country C8 with 15 in the opposite direction. For Quercus ilex, countries C3 and C4 show the lowest 

number of outliers, with three cases each. Country C8 again has the highest number, with 16 cases (mainly positive 

outliers) followed by country C18 with 14 cases, which are almost evenly distributed between positive and 

negative deviations.  
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Figure 9: Northern Europe – Mean number of positive and negative outliers per country for Picea abies (left) 

and Pinus sylvestris (right). 

 

Source: own Illustration 

Figure 10: Central Europe – Mean number of positive and negative outliers per country for Picea abies and Pinus 

sylvestris (above) and Fagus sylvatica and Quercus robur (below). 

 

Source: own Illustration 
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Figure 11: Mediterranean Europe – Mean number of positive and negative outliers per country for Pinus 

pinaster and Pinus sylvestris (above) and Quercus ilex (below). 

 

Source: own Illustration 
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3.4 Assessable crown 

The definition of the assessable crown can have a considerable influence on the assessment of crown condition. 

In the Photo ICC 2025, the concept of the assessable crown (“widest span”) was provided to all participants as the 

basis for evaluating the pictures. Nevertheless, notable differences in the mean scale values were observed 

between countries, exceeding three points in many regions and tree species (Figure 12 to Figure 14). For Quercus 

robur in Central Europe, the difference between the highest and lowest mean values even exceeds five points. 

However, the smallest differences between countries can be observed for Pinus sylvestris in Mediterranean 

Europe. 

In practice, a larger assessable crown may lead to higher estimated defoliation, as the lower parts of closed stands 

are often more defoliated. In contrast, solitary trees frequently show greater defoliation in the upper crown, while 

the lower sections may remain relatively well foliated. However, analyses from the Photo ICC 2025 indicate that 

there is no statistically significant correlation between the selected scale value and the estimated defoliation.  

Figure 12: Northern Europe - Mean scale value per tree species and country. 

 

Source: own Illustration 
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Figure 13: Central Europe - Mean scale value per tree species and country. 

 

Source: own Illustration 

Figure 14: Mediterranean Europe - Mean scale value per tree species and country. 

 

Source: own Illustration 
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3.5 Agreement between countries 

The agreement between countries was assessed using the Spearman rank correlation coefficient. This non-

parametric measure evaluates how consistently the relative ranking of defoliation values is reproduced between 

countries. It is particularly suitable as it does not assume a normal distribution of the data. Values range from 0 to 

1, with higher correlation indicating stronger agreement in the assessments. For countries with more than one 

participant, mean defoliation values were calculated across the teams. 

For Northern Europe, the Spearman rank correlations range from 0.84 to 0.98 for Picea abies and from 0.81 to 

0.99 for Pinus sylvestris. The lowest values are observed for Picea abies in country C27 and for Pinus sylvestris in 

country C17 (Figure 15). 

For Central Europe, correlations range from 0.71 to 0.99 for Picea abies, from 0.58 to 0.99 for Pinus sylvestris, 

from 0.71 to 0.98 for Fagus sylvatica, and from 0.74 to 0.99 for Quercus robur. The lowest values are found in 

country C25 for Picea abies, Pinus sylvestris and Quercus robur, and in country C13 for Fagus sylvatica (Figure 16).  

For Mediterranean Europe, correlations range from 0.89 to 0.95 for Pinus pinaster, from 0.86 to 0.94 for Pinus 

sylvestris, and from 0.83 to 0.95 for Quercus ilex. The lowest values are observed in country C8 for Pinus pinaster 

and Pinus sylvestris, and in country C18 for Quercus ilex (Figure 17). 

Figure 15: Northern Europe – Spearman rank correlation for all country combinations and tree species. For 

countries with several participating teams, arithmetic means for each picture (i.e. across 

teams) were used in the correlation analysis. 

 

Source: own Illustration 

Picea abies Pinus sylvestris 
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Figure 16: Central Europe – Spearman rank correlation for all country combinations and tree species. For 

countries with several participating teams, arithmetic means for each picture (i.e. across 

teams) were used in the correlation analysis. 

Source: own Illustration 

Figure 17: Mediterranean Europe – Spearman rank correlation for all country combinations and tree species. 

For countries with several participating teams, arithmetic means for each picture (i.e. across 

teams) were used in the correlation analysis. 

 

Source: own Illustration 

Picea abies Pinus sylvestris 

Fagus sylvatica Quercus robur 

Pinus sylvestris Pinus pinaster Quercus ilex 
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3.6 Continuity of the Assessment 

The Photo ICC enables an assessment of the temporal continuity of crown defoliation estimates by comparing 

results from the 2025 survey with those from 2021. For this purpose, 15 identical pictures per tree species from 

the Photo ICC 2021 were integrated into the current survey. This approach allows verification of the consistency 

of defoliation assessment over time. It should be noted that personnel changes between surveys may have 

influenced the results, which is why means per country and pictures were analysed. 

For Northern Europe, 15 identical pictures of Picea abies and Pinus sylvestris were evaluated in both 2021 and 

2025. For Picea abies, the mean defoliation values were 42.03 in 2021 and 41.62 in 2025 (Figure 18). The 

significance test indicated no significant difference between the two surveys, suggesting stable assessments 

(Annex 8). In total, 53% of repeated assessments were within ±5 percentage points (Figure 19), and the coefficient 

of determination (R2) was 0.96.  

For Pinus sylvestris, the mean defoliation values decreased from 57.90 in 2021 to 50.72 in 2025. In this case, the 

significance test revealed a highly significant difference, with lower defoliation values in 2025. A total of 48% of 

repeated assessments were within ±5 percentage points, and the coefficient of determination (R2) was 0.93. 

For Central Europe, 15 identical pictures each of Picea abies, Pinus sylvestris, Fagus sylvatica and Quercus robur 

were assessed in both years.  For Picea abies, the mean defoliation values increased from 37.44 (2021) to 

41.21 (2025) (Figure 18). The difference was statistically significant, indicating higher defoliation values in 2025. 

In total, 53% of repeated assessments were within ±5 percentage points (Figure 20), with an R2 of 0.97.  

For Pinus sylvestris, mean defoliation values decreased from 57.90 to 49.77. However, no significant difference 

between the two surveys was found, suggesting that there were randomly scattered higher deviations in 

assessments in both years. A total of 64% of repeated assessments were within ±5 percentage points, and the R2 

was 0.97.  

For Fagus sylvatica, mean defoliation values remained nearly unchanged (43.08 in 2021 and 43.21 in 2025), and 

no significant difference was detected. Here, 59% of repeated assessments were within ±5 percentage points, with 

an R2 of 0.97.  

For Quercus robur, mean defoliation values increased slightly from 39.93 in 2021 to 42.62 in 2025. A weakly 

significant difference was observed. In this case, 73% of repeated assessments were within ±5 percentage points, 

and the R2 was 0.97.  

For Mediterranean Europe, 15 identical pictures of Pinus pinaster, Pinus sylvestris and Quercus ilex were assessed 

in both years. For Pinus pinaster, the mean defoliation values were 41.78 in 2021 and 42.10 in 2025 (Figure 18). 

The significance test indicated no significant difference between the two surveys, suggesting largely consistent 

results. However, only 40% of repeated assessments were within ±5 percentage points (Figure 21), and the R2 was 

comparatively lower at 0.80.  

For Pinus sylvestris, mean defoliation values decreased from 42.66 to 38.73. Again, no significant difference 

between the two surveys was detected, suggesting that there were randomly scattered higher deviations in 

assessments in both years. A total of 37% of repeated assessments were within ±5 percentage points, and the R2 

was 0.83.  

For Quercus ilex, the mean defoliation values were nearly identical (37.89 in 2021 and 38.00 in 2025), and no 

significant difference was found. Here, 45% of repeated assessments were within ±5 percentage points, and the 

R2 was 0.92.  
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Figure 18: Distribution of the defoliation estimated for the same pictures in 2021 and 2025 for Northern Europe 

(above), Central Europe (middle) and Mediterranean Europe (below). The significance test 

revealed a significant difference: Pinus sylvestris in Northern Europe and Picea abies in Central 

Europe. 

 

Source: own Illustration 
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Figure 19: Northern Europe - Defoliation assessment of the same pictures 2021 and 2025 for Picea abies and 

Pinus sylvestris. The mean values of the countries are compared for each individual picture. 

Left: linear regression with 1:1 line and coefficient of determination (R²); middle: frequency 

distribution of the differences; right: pie chart of the frequency distribution of the differences 

divided into three groups. 

 

Source: own Illustration 
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Figure 20: Central Europe - Defoliation assessment of the same pictures 2021 and 2025 for Picea abies, Pinus 

sylvestris, Fagus sylvatica and Quercus robur. The mean values of the countries are compared 

for each individual picture. Left: linear regression with 1:1 line and coefficient of 

determination (R²); middle: frequency distribution of the differences; right: pie chart of the 

frequency distribution of the differences divided into three groups. 

 

Source: own Illustration 
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Figure 21: Mediterranean Europe - Defoliation assessment of the same pictures 2021 and 2025 for Pinus 

pinaster, Pinus sylvestris and Quercus ilex. The mean values of the countries are compared for 

each individual picture. Left: linear regression with 1:1 line and coefficient of 

determination (R²); middle: frequency distribution of the differences; right: pie chart of the 

frequency distribution of the differences divided into three groups. 

 

Source: own Illustration 
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4 Conclusion 

A total of 208 teams from 27 countries participated in the Photo International Cross-comparison Course 2025 

(Photo ICC 2025). This represents the highest number of participating countries ever achieved in a Photo ICC. It 

can be assumed that the web-based format, due to its easy accessibility, probably contributed to this strong 

participation. However, many countries were represented by only one or a few teams. Future exercises should 

aim to expand participation beyond national coordinators to include as many field teams as possible in order to 

achieve an even better data foundation. 

The evaluations show that some individual pictures exhibit a high variability in assessments. This is partly 

attributable to the limitations of photo-based interpretation, as important factors such as impacts of insects, 

competition, or site conditions are not always clearly visible, unlike in field assessments. Nevertheless, the overall 

selection of pictures appears appropriate, covering a broad and relatively balanced range of defoliation levels. 

In general, deviations from the median tend to be larger at moderate defoliation levels, while they are smaller at 

very low or very high defoliation levels. This has also been observed in previous studies (Meining et al. 2022). In a 

few cases, very large deviations in individual assessments were observed, which may indicate data entry errors. 

As these deviations could not be clearly attributed to specific mistakes and involve different participants, they 

were retained in the analysis. This highlights the importance of careful data entry, especially in a web-based 

process. For future applications, additional control mechanisms (e.g. a final review step before submission) could 

help to further improve data quality.  

The results indicate that some countries show considerable deviations in their assessments. This is particularly 

evident for country C17 in Northern Europe, C25 (and partly C19) in Central Europe, and C8 in Mediterranean 

Europe. However, most countries are, on average, close to the reference median, and the mean absolute deviation 

across countries remains below 5 percentage points for most regions and tree species. Larger deviations are 

mainly observed for Picea abies in Northern and Central Europe and for Pinus sylvestris in Mediterranean Europe. 

Although all countries are expected to apply the same methodology for defining the assessable crown (“widest 

span”), differences in its interpretation are evident. The analysis shows that the selected assessable crown area 

varies between countries, even though no clear statistical relationship with defoliation values could be 

established. Nevertheless, a more precise and consistently applied definition of the assessable crown is 

recommended. This could be supported by more detailed descriptions and illustrative diagrams for different 

crown structures and tree conditions. 

The correlation between the individual countries shows high values in large parts of the Photo ICC 2025. However, 

low correlations also occur more frequently for a few countries, as their ratings sometimes differ significantly from 

others. Countries represented by only one team may exhibit greater discrepancies than those with multiple 

participants. Identifying the underlying causes at the national level is important to improve comparability. 

The comparison of the same pictures with the Photo ICC 2021 shows mixed results. For most tree species, no 

significant differences were found, indicating stable assessments over time. However, significant changes were 

observed for Pinus sylvestris in Northern Europe and for Picea abies, as well as a weakly significant difference for 

Quercus robur in Central Europe. These inconsistencies may partly be explained by changes in personnel as the 

assessments per picture were paired as means per country. This underlines the importance of continuous training 

and skills development to ensure consistent crown condition assessments over time. 

Detailed analyses at the team level will be made available to individual countries via the Thünen Institute's cloud 

platform, as in previous years, for internal evaluation of the Photo ICC 2025. This will allow the results of each 

team to be tracked. Ideally, these results should be used to improve crown condition assessment through 

individual training. 
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Continuous quality assurance measures are essential to maintain a high level of data quality in forest condition 

surveys. The combination of international Field and Photo ICCs is particularly valuable, especially when 

complemented by national training activities. Overall, the combined use of Field and Photo ICCs represents an 

effective and robust approach to ensuring the long-term quality of crown condition assessments across Europe. 
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Annex 

Annex 1: Instructions Photo ICC 2025 

 
 

Stefan Meining (mail@stefanmeining.de)  

  

Anleitung 

Der Photo ICC wird für drei Regionen Europas durchgeführt: 

Nordeuropa. Zentraleuropa. Südeuropa. Für die in jeder Region 

am häufigsten vorkommenden Baumarten sind Fotosets mit 

jeweils 30 Kronenbildern zur Bewertung zusammengestellt.  

Für die Teilnahme bitte auf die entsprechende Baumart der 

jeweiligen Region klicken. Zur Einbeziehung der Daten in die 

Auswertung des Photo ICC´s ist eine Anmeldung der 

Teilnehmenden durch die jeweilige Landesinventurleitung 

erforderlich (siehe Einladungsschreiben).  

Bewertung der Bilder: Um eine Vergleichbarkeit der 

Bewertungen zu ermöglichen. ist der Boniturbereich einheitlich 

auf die „breiteste Kronenausdehung“ festzusetzen 

(code_assessable crown=3. „Widest span of the crown is lower 

limit“). 

Durch Klicken der linken und der rechten Skala wird der untere 

Rand des Boniturbereichs für jedes Bild bestimmt. Die 

Bewertung der Kronenverlichtung bezieht sich ausschließlich auf 

diesen festgelegten Bereich.  

Mit „ZURÜCK“ und „WEITER“ kann zwischen den Bildern 

gewechselt werden. Bitte nicht die „Zurück“-Schaltfläche ihres 

Browers verwenden. da sonst alle bisherigen Bewertungen 

gelöscht werden.  

Nachdem die 30 Bilder bewertet und die Daten verschickt 

wurden. erhält jeder Teilnehmende eine Bestätigungsemail. 

Weitere Baumarten können direkt im Anschluss oder zu einem 

späteren Zeitpunkt bewertet werden.  

Bei Fragen oder Anregungen können Sie sich gerne an mich 

wenden. 

Instructions 

The Photo ICC is being conducted for three European regions: 

Northern Europe. Central Europe, and Mediterranean Europe. 

Photo sets of 30 crown pictures are being compiled to evaluate 

the most common tree species in each region.  

To participate, please click on the corresponding tree species 

for the respective region. To include the data in the Photo ICC 

analysis, participants must register with the respective national 

inventory management (see invitation letter). 

Assessment of the photos: In order to enable comparability of 

the assessments, the assessable crown must be set consistently 

to the “widest span of the crown” (code_assessable crown=3. 

“Widest span of the crown is lower limit”).  

Clicking the left and right scales determines the lower limit of 

assessable crown of each photo. The assessment of crown 

defoliation refers exclusively to this specified range. 

You can navigate between images using the "BACK" and "NEXT" 

buttons. Please do not use your browser's "BACK" button, as 

this will delete all previous assessments. 

After the 30 images have been assessed and the data 

submitted, each participant will receive a confirmation email. 

The assessment of additional tree species can be completed 

immediately afterward or at a later date. 

If you have any questions or suggestions, please feel free to 

contact me. 

mailto:mail@stefanmeining.de
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ICP MANUAL PART IV: “Visual Assessment of Crown Condition and damaging agents”: 
 
5.1.2 Assessable crown  
The estimation of crown condition strongly depends on the definition of the assessable crown.  

The crown present at the moment of the assessment is to be considered, regardless of the potential or theoretical crown which 

may have existed in previous years. The influence of any present or absent trees on the crown of the sample tree must be taken 

into account when determining its condition. In cases where the sample tree crown is influenced by competition, the assessable 

crown includes only those parts that are not influenced by other crowns i.e. shading. Parts of the crown directly influenced by 

interactions between crowns or competition are excluded (see Fig. IV-1). The assessable crown of a freely developed tree is defined 

as the whole living crown from the lowest substantial living branch upwards. The following parts of such a crown must be excluded 

from the assessment:  

 

• Epicormic shoots below the crown  

• Gaps in the crown where it is assumed. that no branches ever existed  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The assessable crown includes recently died branches. but excludes snags that have been dead for many years (i.e. which have 

already lost their side-shoots). Snags represent the historic mortality of parts of the crown and have no influence on the current 

condition of the tree. They are therefore excluded from the assessment. Dieback of shoots and branches represents an active 

process in the crown and is therefore included.  
 
The definition of the assessable crown varies between countries. It is therefore essential that for each country. region and tree 

species the definition of assessable crown is documented. Data have to be sent to the ICP Forests data base unit with form TRE 

(Level I) and TRC (Level II), respectively.  
 
The following classes are used: 
  

Fig. IV-1: A suggestion of the assessable crown for freely grown trees and trees in the stand: A – freely grown trees (assessable 

crown from the black line), B – stand (lighter colour indicates assessable crown), Source: ICP MANUAL PART IV 
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Annex 2: Northern Europe – Mean defoliation per country, the deviation from the median of the all 

countries, and the 95% confidence intervall for Picea abies (left) and Pinus sylvestris (right). 

 

Picea abies        Pinus sylvestris     

median 46.6      median 43.2     

Country mean def. Diff. 95% CI  Country mean def. Diff. 95% CI 

C6 38.5 -8.1 5.7  C6 42.3 -0.9 5.5 

C7 41.2 -5.4 4.3  C7 43.1 -0.1 4.9 

C8 49.3 2.7 4.0  C8 44.5 1.3 10.8 

C12 48.0 1.4 8.9  C12 48.0 4.8 10.2 

C14 41.9 -4.7 5.1  C14 43.1 -0.1 5.5 

C15 45.2 -1.4 4.9  C15 46.8 3.6 4.9 

C16 50.5 3.9 9.3  C17 20.4 -22.9 2.0 

C17 29.1 -17.5 2.5  C23 43.3 0.1 10.9 

C23 49.7 3.1 10.2      

C27 52.0 5.4 9.8      
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Annex 3: Mean defoliation per country, the deviation from the median of the all countries, and the 95% 

confidence intervall for Picea abies and Pinus sylvestris (above) and Fagus sylvatica and 

Quercus robur (below). 

 

Picea abies        Pinus sylvestris     

median 39.3      median 44.3     

Country mean def. Diff. 95% CI  Country mean def. Diff. 95% CI 

C1 46.4 7.1 5.3  C1 44.2 -0.1 6.6 

C2 38.5 -0.8 12.3  C2 46.3 2.1 11.9 

C5 41.5 2.2 5.0  C5 50.0 5.8 4.8 

C6 29.7 -9.7 7.2  C6 44.8 0.6 7.7 

C8 45.6 6.3 2.7  C8 46.8 2.6 2.9 

C9 39.3 0.0 1.2  C9 44.0 -0.2 1.4 

C11 43.7 4.4 5.9  C11 44.4 0.1 6.0 

C14 36.3 -3.0 8.0  C14 39.8 -4.4 10.0 

C16 44.2 4.8 11.4  C16 44.5 0.2 7.8 

C19 30.4 -8.9 2.4  C19 39.5 -4.8 3.2 

C20 38.1 -1.2 4.9  C20 45.4 1.1 5.3 

C21 45.2 5.9 7.0  C21 46.5 2.2 7.2 

C24 34.3 -5.0 3.3  C24 40.6 -3.7 3.7 

C25 16.9 -22.4 7.1  C25 31.5 -12.8 9.9 

C26 49.2 9.8 7.7  C26 42.8 -1.4 10.6 

     C27 42.0 -2.3 10.3 

       

Fagus sylvatica      Quercus robur     

median 42.5      median 50.7     

Country mean def. Diff. 95% CI  Country mean def. Diff. 95% CI 

C1 45.2 2.7 4.8  C1 51.7 1.0 5.4 

C3 35.8 -6.7 8.3  C2 44.0 -6.7 10.1 

C5 44.6 2.1 4.3  C3 47.2 -3.5 9.9 

C6 40.1 -2.4 4.6  C5 53.3 2.6 4.4 

C8 50.9 8.4 2.4  C6 47.5 -3.3 4.9 

C9 43.1 0.6 1.1  C8 55.8 5.1 2.2 

C11 44.4 1.9 5.6  C9 50.2 -0.5 1.2 

C12 39.0 -3.5 8.7  C11 57.1 6.3 6.2 

C13 39.7 -2.8 7.4  C16 51.2 0.5 6.3 

C16 43.9 1.4 6.4  C19 40.3 -10.4 2.7 

C19 30.7 -11.8 2.2  C20 48.2 -2.5 4.7 

C20 39.7 -2.8 4.7  C21 51.7 1.0 6.8 

C21 48.4 5.9 6.2  C24 41.0 -9.7 3.0 

C24 36.9 -5.6 2.8  C25 39.8 -10.9 10.1 

C25 25.9 -16.6 7.8  C26 53.0 2.3 9.3 

C26 46.0 3.5 9.0  C27 55.3 4.6 8.4 

C27 42.5 0.0 9.6      
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Annex 4: Mediterranean Europe –   Mean defoliation per country, the deviation from the median of the 
all countries, and the 95% confidence intervall for Pinus pinaster and Pinus sylvestris 
(above) and Quercus ilex (below). 

 

Pinus pinaster      Pinus sylvestris     

median 33.6      median 35.3     

Country mean def. Diff. 95% CI  Country mean def. Diff. 95% CI 

C4 33.5 -0.1 7.4  C2 25.2 -10.2 9.8 

C8 51.4 17.8 4.5  C4 33.8 -1.5 7.9 

C10 33.7 0.1 6.4  C8 45.5 10.2 9.0 

C22 33.0 -0.6 1.8  C22 36.8 1.5 2.0 

         
Quercus ilex          
median 37.3          
Country mean def. Diff. 95% CI      
C3 40.7 3.8 9.5      

C4 34.7 -2.2 8.8      

C8 49.0 12.1 6.2      

C18 36.5 -0.4 7.3      
C22 37.3 0.4 2.0      
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Source: own Illustration 

  

Annex 5: Northern Europe – Frequency of outlier classes per tree species and country.   
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Source: own Illustration 

  

Annex 6: Central Europe – Frequency of outlier classes per tree species and country.  
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Source: own Illustration 

 
 

Annex 8: Mean values of the same pictures from the years 2021 and 2025 with significance test of  

the different ratings for all three regions and all species. 

   2021 2025 diff t_value p_value significance 

Northern   
Europe 

Picea abies 42.03 41.62 -0.41 0.17 0.868 not significant 

Pinus sylvestris 57.90 50.72 -7.18 2.75 0.006 very significant 

        Central       
Europe 

Picea abies 37.44 41.21 3.77 -2.31 0.021 significant 

Pinus sylvestris 38.07 40.39 2.32 -1.38 0.169 not significant 

Fagus sylvatica 43.08 43.21 0.13 -0.10 0.922 not significant 

Quercus robur 39.93 42.62 2.69 -1.94 0.053 weakly 
significant 

        
Mediterranean 
Europe 

Pinus pinaster 41.78 42.10 0.32 -0.14 0.887 not significant 

Pinus sylvestris 42.66 38.73 -3.93 1.55 0.123 not significant 

Quercus ilex 37.89 38.00 0.11 -0.04 0.966 not significant 

Annex 7:  Mediterranean Europe – Frequency of outlier classes per tree species and 

country.   
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