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Summary 

Switzerland has been undertaking assessments of forest condition since 1984, although the 
inventory methods have only been consistent since 1985. Observations are made on a 
systematic grid, using fixed-area ( on a horizontal plane) plots. The grid for the 
observations was changed in 1993, from a 4 km x 4 km net to an 8 km x 8 km net. This was 
the maximum reduction that could be undertaken without unduly affecting the results for 
the country as a whole. The reduction in sample size means that regional breakdowns are 
no longer possible, but breakdowns by the main species (Norway spruce, silver fir and 
beech) are still possible. Observations have primarily been related to the assessment of 
individual tree crowns, with unexplained defoliation being the most frequently utilised 
assessment. This indicator suggests that the crown condition of trees in Switzerland has 
deteriorated over the period 1 985-1993 ( INNES et al. 1 994). Other assessments have been 
made, but have not been so widely reported. 

In 1 993, the programme was extended to include assessments of the soils and ground 
vegetation at the sites and a modelling exercise is being undertaken to determine the past 
climate and pollution conditions for each plot. The modelling is difficult because of the 
complex terrain of Switzerland and the widespread occurrence of phenomena such as 
temperature inversions and anabatic-katabatic wind systems. However, reasonable 
estimates of the climate and pollution conditions at particular sites should be possible. 

A major concern has been data quality assurance and considerable efforts are made to 
maximise the consistency of the subjective assessments made during the inventories. In 
addition, the chemical laboratory undertaking the soil analyses has been involved in a 
number of international quality assurance projects. The results for the laboratory are 
encouraging, but a number of major problems exist with the field assessments. These are 
currently being a reviewed with a view to simplifying and/or quantifying some of the 
assessments, providing more detailed training and developing better documentation for 
some of the indicators. 
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3.8.1 Introduction 

Assessments of non-timber resources frequently involve some sort of measure of the health 
or condition of forests within a country. Forest health has been a major concern, but the 
concept is very poorly defined. Assessments made in Europe over the past 10 years have 
concentrated on the crown transparency of individual trees. This is not an adequate 
measure of forest health, which should be concerned with forest ecosystems at a number of 
scales, but crown transparency may be of some value when assessing the state of individual 
trees. The emphasis on trees, but reference to forests, has led to a number of major 
misconceptions about the nature of forest health inventories and their subsequent 
interpretation (SK ELLY 1989). Specifically, the use of the term forest decline to describe 
species- and site-specific problems is particularly inappopriate (I N NES 1993; KANDLER 
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and I NNES 1994 ). Similar difficulties exist over the use of the term health, since this is 
normally equated with the concept of human health. The difficulties over the definitions, 
and the attempts to resolve these difficulties, have strongly influenced the direction of the 
inventories. This is reflected in the sampling designs and the indicators that are used to 
assess the state of the trees. 

A particular problem arising from the wish to provide "representative" national 
statistics on tree condition is the use of a systematic sampling design. While such a design 
may be appropriate for timber inventories, it has rather less relevance to studies of forest 
condition. This is because agents influencing forest health tend to be clustered and affect 
relatively small areas. Under such circumstances, sampling needs to be stratified, with 
increased sampling in areas where an agent is suspected to occur. 

More recently, interest has turned to looking at the different components of comprising 
the condition of forests in a more integrated fashion. For example, the Commission of the 
European Communities and the United Nations Economic Commission for Europe (UN -
ECE) have recently started to look at soils, throughfall, foliar analysis and increment in an 
attempt to better understand the relationships between crown condition and environ -
mental factors, specifically air pollution. At present, this work has been undertaken in a 
rather disjointed fashion, and there has been no attempt to produce a formal concept 
indicating the relevance of particular parameters to forest condition. Consequently, there 
is an impression of a wish to collect ever-increasing quantities of data without any 
explanation of what these data will be used for or how they will be interpreted. 

There is clearly a need for a formal concept of how data related to forest health will be 
collected and analysed. To be consistent with the term, such data should be collected for 
the forest ecosystem, and forest health would need to be adequately defined (see INNES 
1994). At present, attempts are only being made to determine tree condition and the factors 
affecting this variable, and the following presents how this issue is being approached in 
Switzerland. 

3.8.2 The Swiss programme 

The Swiss forest health monitoring programme began in 1984, although the sampling 
design was changed in 1985 and again in 1993. The 1993 change was such that comparisons 
can still be made with data collected as far back as 1985, but the data for 1984 are not 
comparable with subsequent data. The sampling design since 1985 has been based on a 
subset of the Swiss National Forest Inventory (EAFV, BFL 1988), with plots on a 4 km x 4 
km network being assessed between 1985 and 1992 and a grid of 8 km x 8 km being used 
subsequently. 

The basic plot unit is a 500 m2 circle, as defined on a horizontal plane. In an inner 200 
m2 circle (7.98 m radius), the condition of all trees with a DBH greater than 12 cm is 
assessed; in the outer circle, the sampling is restricted to trees with a DBH of >36 cm. All 
trees are assessed, regardless of social class. This system is rather different to that used in 
other countries, with European Union states and several other countries using a fixed 
number of dominant or co-dominant trees per plot rather than a fixed area. However, the 
Swiss system provides a better representation of the trees in the forest and can be more 
directly related to forest area. 
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3.8.3 Recent changes in the programme 

Following an evaluation of the programme and its results in 1991-92, a number of changes 
were made to the programme. An analysis of the results suggested that the sampling density 
could be reduced to 8 km x 8 km without any major effects on the results (KOHL et al. 
1994). At the same time, it was recognized there was a need to better characterise the trees 
in the stands if the role of site factors in governing tree condition was to be better 
evaluated. Consequently, a satellite plot, also of 500 m2 in a horizontal plane, was 
established 25 m from the centre of each former plot on the 8 km x 8 km network. The 
precise location of this varied, with the plot being located in the quadrant (north, east, 
south or west) most typical of the tree composition and structure of the existing plot. In 
each case, an attempt was made to locate the satellite due north of the centre of the former 
plot, with the three other options only being used if the forest in the quadrant due north 
was markedly different from the existing plot. 

Parallel to the changes in the plot size, further more detailed investigations were 
undertaken. A vegetation survey was completed based on the assessment of the plant 
species present in a nested series of plots and visual estimates on the plot homogeneity in 
terms of the tree structure and species composition. A soil profile was established beside 
the plot and a detailed profile description made, including a number of physical 
parameters. Samples were taken from both fixed depths and specific horizons for chemical 
analysis. In addition, the meteorological characteristics and air pollution conditions are 
being estimated by interpolation from the existing network of monitoring stations. In 
future, samples may also be taken for foliar analyses (mineral composition). Although this 
work is being done as part of the evaluation of the possible causes of crown defoliation, the 
information being collected is consistent with a number of international monitoring 
programmes, and efforts are being made to ensure maximum consistency with the 
requirements of these programmes. 

3.8.4 Tree health characteristics 

A list of indicators assessed in the forest health programme is given in Table 1. The 
majority of the indicators are subjective and require estimates to be made the surveyors. 
This has required a rigorous quality assurance programme, described below. For each tree, 
estimates of the crown condition are ostensibly made by two surveyors and are made each 
year from the same direction. The distance from the tree is not recorded but, from 1994, 
assessments will be made at a specified distance from each stem. 

Considerable emphasis is given to two estimates, the "overall transparency" and the 
"unexplained needle/leaf loss". The first variable was recorded for the first time in 1990 
and has been subsequently assessed but not always reported. The second variable, which is 
the defoliation that cannot be attributed to known causes, is the variable that has been used 
since 1985 and which is reported in national and international statistics of "forest health". 

Assessments of both variables are made by comparison with standard photographs 
(MULLER and STIERLIN 1990). This method has a number of advantages and dis
advantages. The biggest advantage is that the reference trees are fixed and provide a series 
of absolute standards. However, a disadvantage is that the crowns of a single species may 
show a range of structures and these cannot all be included in a photographic guide. In 
addition, within a closed canopy forest, the view of the tree is often less than ideal, but this 
problem affects all crown assessments, regardless of the type of standard being used. 

166 



Table 1. Indicators of tree condition assessed in the swiss national programme. 

Overall defoliation 
Defoliation unexplained by known causes 
Causes of defoliation 
Crown discoloration 
Stem damage 
DBH 
Incidence of fruiting 
Epicormic shoots on the stem 
Crown length 
Crown form 
Social class (Kraft system) 
Presence and type of epiphytes 
Amount and location of dead twigs 
Amount and location of dead branches 
Incidence of Cryptococcus fagisuga (beech only) 
Incidence of Nectria infections (beech only) 
Incidence of Dreyfusia nordmannianae (silver fir only) 
Edge effects 

The second most important indicator is the extent of discoloration. This is actually a very difficult indicator to assess and the problems associated with it are often glossed over. For example, colour occurs on a continuous scale: At which point does a green tree become discolored? In addition, different ages classes of foliage or different parts of the crown may show different degrees of discoloration. Conifers in particular may show marked differences between the colours of current-year and older needles. Some of these problems have been approached in Switzerland by assessing three colour values (hue, value and chroma), based on the "Munsell Colar Charts for Plant Tissues" system. The method is showing considerable promise, but a number of problems remain. Other assessments include the proportion and location of dead twigs and branches within the crown and the extent of crown and stem damage by biotic or abiotic agents. These are constantly being reviewed and attempts being made to improve the value of the assessments. In particular, methods are being sought to change qualitative estimates to quantitative assessments, wherever possible. 

3.8.5 Quality assurance 

The preponderence of subjective assessments made in the forest health monitoring has meant that quality assurance plays a critical part in the programme. A considerable amount has been published on the quality assurance of crown transparency estimates in Switzerland and elsewhere (e.g. KRISTOFEL et al. 1989; INNES 1993; KOHL 1991, 1993; 
KOHL et al. 1994), but there have been only very limited attempts to look at the reproducibility of the other assessments (INNES 1993, GHOSH and INNES 1995). The extent to which the technique has been used until now has been rather variable. In 1993, the actual survey involved 3 field teams. A check team independently revisited approximately 33% of the plots. The check team undertakes exactly the same measurements as the field team. In 1994, the three field teams and the check team will have a week-long training course at the start of the survey period, followed by two further, specialised, courses held at approxi -mately fortnightly intervals. The results of a comparison between the control team and the field teams made in 1993 is given in Table 2. In each case, hypothetical data quality objectives have been given. 
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Table 2. 

Indicator 

Overall defoliation 

Needle/leaf loss (unknown 
causes) 

% dead twigs 

% dead branches 

DBH 

Abnormally small foliage 

% abnormally small foliage 

Social class (Kraft) 
-- -
Crown length (classes) 

Crown form (classes) 

Crown visibility (classes) 

Stem cpicormics 
---

Stem epicormics (amount) 

Fruiting 

Fruiting (amount) -
Crown damage 

Crown damage (cause) 

Stem damage 

Stem damage (cause) 

Location of dead branches 

Size of dead branches 

Location of dead twigs 
-

Beech felted coccus 

Beech felted coccus (incidence) 
--

Epiphytes 

-

- -

Allowable difference Threshold for acceptance of the data Result for 
1993 

:t5% 90% of trees 65% 

:t5% 90% of trees 66% 

:t5% 90% of trees 76% 

:t5% 90% of trees 73% 

:t 1 cm 95% of trees 96% 

Presence/absence 95% of trees 97% 

:t5% 90% of observations 6% 

Agreement 90% of trees 54% 

Agreement 90% of trees 68% 

Agreement 90% of trees 59% 

Agreement 90% of trees 95% 

Presence/absence 95% of trees 85% 

Agreement 90% of observations 30% 
- -

Presence/absence 95% of trees 84% 

Agreement 90% of observations 24% 

Presence/absence 90% of observations 75% 

Agreement 90% of causes 71% 

Presence/absence 90% of observations 88% 
-- ---

Agreement 90% of causes 87% 
--- - --
Agreement 90% of observations 62% - -- - --

Agreement 90% of observations 56% -- -- - -

Agreement 90% of observations 52% 
-

Presence/absence 90'1/o of trees 88% 
-- -

Agreement 90% of observations 0% 
-� - --

Presence/absence 95% of trees 77% 

There is no clear methodology for setting these; to a certain extent they reflect trial and error. However, it is clear that some guidelines are required for setting limits. It would be inappropriate to lower the objectives if they were not being achieved, but some leeway seems advisable. In most cases, the objectives set for the percentage of agreements or assessments made within specified ranges were not met. The reasons for this are currently being examined and a revision of the methods used in the programme has been initiated as a result of the quality assurance exercise. The approach presented here compares the results for individual trees rather than the distributions obtained by the control and field teams for particular indices. The individual tree comparisons are required if the quality of assessments made at the plot level is being assessed. Such an assessment is made when looking at the relationships between stand condition and the environment. Conversely, if the data were being used only to provide 
168 



figures for the whole of Switzerland, then the comparison of distributions would be more appropriate. 

3.8.6 Conclusions 

The concept of forest health is somewhat nebulous. Forest health is difficult to define (INNES 1993, 1994), but the term has been widely used. A large number of programmes have been established which purport to look at forest health, but these often reflect the view that forest health is restricted to the crown condition and increment of trees. Consequently, most inventories purporting to look at forest health are in reality assessments of tree crown condition. Forests contain much more than just trees and, although there has been a great deal of discussion about the multiple roles of forests, there has been rather less in the way of integrated assessments of these roles in relation to the functioning (and health) of the forests. Within the Swiss programme, the limitations of reporting only crown condition have been recognised. A number of other characteristics related to the condition of individual trees are being assessed, but there are major problems with the reproducibility of the estimates of these characteristics. The improvement of these estimates is currently in hand, with more rigorous criteria being laid down for previously vague scoring systems. Improvements are also being made in the way estimates are made, with quantitifcation being introduced wherever possible. A further change is the introduction of training assessments for all indicators recorded by the field teams, rather than concentrating on the defoliation estimates alone. When combined with the information on soils, ground vegetation, climate and pollution, a more integrated assessment of the factors affecting crown condition will be possible than hitherto. Political pressures are such that this monitoring is likely to continue, although the precise form that it will take is under discussion. An analysis of the relationships between tree condition and the environment at a single point in time is unlikely to be particularly informative and, to take into account the dynamic nature of forests, such analyses will be need to be undertaken over a number of years. 
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