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Background

This report gives the results of national forest health reports and the
European Communities forest damage survey in 1989. The aim of the report
is to give an updated overview of the state of forest health in the European
Community, and is a follow-up of the Forest Health Report 1987-1988,
prepared by the Commission of the European Communities.

The report is a result of the application for three years of Council Regulation
(EEC) no. 3528/86 of 17 November 1986 on protection of the Community’s
forests against atmospheric pollution. Member States have set up a
Community wide forest damage inventory and forwarded annual forest health
reports to the Commission since 1987.

Under the same Regulation the commission has granted Community financial
aid for the completion of pilot projects and experiments to improve knowledge
of air pollution in forests and its effects, to improve methods of observing and
measuring damage to forests and to devise methods of maintaining and
restoring damaged forests.

For the purpose of making the forest damage survey and national reports, a
common methodology was used as laid down by Commission Regulation
(EEC) No 1696/87 of 10 June 1987. This methodology is based on guidelines
for harmonized sampling, assessment, monitoring and analysis of the effects of
air pollution on forests, as adopted by the parties to the Convention on Long-
range Transboundary Air Pollution participating in the International
Cooperative Programme for Assessment and Monitoring of Air Pollution
Effects on Forests.

The Community’s forest damage inventory is the first large scale
transboundary inventory of its kind to be carried out in accordance with a
common method, involving a unified sampling system and centralized data
treatment. By 1989, it enabled comparable data to be collected in respect of
over 45,000 sample trees throughout the Community.

The appearance of widespread forest decline, generally attributed to
atmospheric pollution in many regions of the Community since the beginning
of the 1980’s, as well as the rapid spread of forest damage, were at the origin
of the Community’s action for the protection of forests against atmospheric
pollution.
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Summary

The forest damage inventory programme started in 1987 with 1216 plots and
26390 sample trees. By 1989, the network had been enlarged to 1891 plots and
45572 trees, covering most of the total forest area of the European
Community (EC) Member States (approximately 500 000 km2) by a 16x16 km.

grid.

Observations in 1989 showed that 9.9% of the trees were damaged (defoliation
more than 25%). The overall figures for the defoliation in 1987 and 1988 were
respectivily 14.3% and 10.2%.

In 1989 a discolouration of more than 10% was observed for 16.0% of the
trees. For 1987 and 1988 these figures (from smaller samples) were
respectively 13.5% and 13.2%.

Conifers were slightly more damaged than broadleaves. In 1989, a defoliation
of more than 25% was found for 11.8% of the conifers and 8.4% of the
broadleaves. Of the more common species found in the EC, the coniferous
species Abies sp. and Picea sp. show the most defoliation with respectively
17.3% and 20.0 % of the trees damaged. The broadleaves Eucalyptus sp. and
Quercus ilex show the lowest degree of defoliation, with respectively only 1.6%
and 3.5% of the trees damaged.

Discolouration is approximately the same for broadleaves (16.3%) as for
conifers (15.8%). The percentage of trees with a discolouration of more than
10'% was highest for Quercus suber (45.8%). For Quercus ilex, this percentage
was lowest (7.0%). Among the conifers, Abies sp. and Pinus sp. showed relative
high percentages of discoloured trees with respectively 23.4% and 18.2 %.

With regard to the climatic zones, in 1989 the percentage of damaged trees
was slightly higher in the Atlantic and Sub-atlantic regions (respectively 13.0%
and 12.9%) as compared to the Mediterranean (7.0%) and Mountainous
region (6.0%).

The highest percentages for discolouration were found in the Mediterranean
region (20.6%). Especially Castanea sativa, Quercus suber and Abies sp. show
high discolouration figures with respectively 38.6% 45.8% and 38.0% of the
trees showing discolouration. Total percentages of trees showing discolouration
in the Atalantic, Sub-atlantic and Mountainous region were respectively 14.1%,
10.3%, and 14%.

Easily identifiable damage due to known causes has been observed for 38.8%
of the trees. For 10.9% of the trees more than one type of damage was
identified. Insects were the most commonly identified damage type (19.1%),
known pollution was the least with 0.2%. A defoliation of more than 25% was
slightly more observed for trees for which a damage type was identified
(12.4%) than in trees were no identifiable damage was apparent (8.4%). The
percentage of trees with a discolouration of more than 10% was clearly higher
in trees where damage types have been identified (26.7% versus 9.3%). The
most discolouration was observed in trees where damage from abiotic agents
(wind,snow, frost, etc.) was identified (42.9% of the tree more than 10%
discoloured).

For the comparison of the results of the 1988 and 1989 inventory, a subsample
was defined containing all trees that were common to both inventories. This
subsample consisted of 35478 Common Sample Trees (CST’s). When
regarding the entire subsample, an increase in damaged trees of only 0.8 %
was observed, indicating that no clear changes in forest vitality occurred in the
period 1988-1989.
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The CST’s in the Atlantic region showed a slight increase in defoliation. A
slight increase in discolouration was observed with CST’s found in the
Mediterranean region.

The overall vitality of Quercus suber deteriorated considerably in the period
1988-1989. The vitality of Castanea sativa also showed a slight deterioration.
Other species groups did not showed clear changes in vitality. Eucalyptus sp.
did however show a sharp increase in discolouration of the CST’s.

From a study on the 12 most common species executed on a subsample of
plots common in 1987, 1988, and 1989, it appears that for most species no
improving or deteriorating trends in the vitality of the sampled trees could be
determined when regarding the entire Community.

Only for the species Quercus ilex and the Picea sitchensis a clear trend was
found. Quercus ilex seems to be improving, while Picea sitchensis shows a
pronounced deteriorating trend.

In an extended evaluation of a selection of the available inventory data,
correlations have been investigated between defoliation with respect to site
parameters (i.e. water availability, humus type, altitude and exposition), stand
parameters (i.e. mean age and species) and two added parameters (soil unit
and levels of air pollution). No clear relationships could be determined
between defoliation and most parameter. However, there seems to exist a
relationship between defoliation and mean stand age.

In a more detailed evaluation it appeared that the total percentage of not-
defoliated trees clearly decreases with increasing age, while at the same time
an increase is found in the percentage of slightly defoliated trees.

No clear relationships between age and discolouration have been found.
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INTRODUCTION

Legislative Basis

On November 17, 1986 the Council of Ministers of the EC adopted Regulation
(EEC) No. 3528/86 on the protection of the Community’s forests against
atmospheric pollution, which took effect from January 1st, 1987 (1). Within the
Regulation, a Community scheme is provided for establishing a periodic
Community inventory of damage to forests and the drawing up by the Member
States of a periodic forest health report. It also provides for the development
of pilot projects and field experiments in order to improve the understanding
of atmospheric pollution in forests and its effects, to improve methods of
observing and measuring damage and to establish methods for the restoration
of damaged forests.

In Council Regulation (EEC) No. 1613/89 an amendment was adopted in
which the provision for pilot projects to maintain damaged forests was
included. Also a programme was introduced for the synoptic processing of
information on knowledge of atmospheric pollution in woodlands and its
effects (2).

With respect to the Community inventory, the scheme in the above Regulation
provides for:

» Establishing, on the basis of a common method, a periodic inventory
of damage caused to forests in particular by atmospheric pollution;

» Establishing or extending, in a coordinated and harmonious way, the
network of observation points required to conduct this inventory.

The Community provides financing of up to 50% of the costs.
Following the inventory, each Member State forwards to the Commission the
data gathered at the observation points of the network.

In addition, in accordance with Article 3 of the above Regulation, each
Member State draws up and forwards to the Commission a periodic forest
health report based in particular on the inventory data referred to in Article 2.

In accordance with the opinion of the Committee on Forest Protection,
established by the same Regulation (no. 3528/86), the detailed rules of
implementation of the inventory, and in particular the common methodology
and format of presentation of the national forest health reports have been
adopted and are laid out in Commission Regulation (EEC) no. 1696/87 of
June 10, 1987 (3). This common method takes account of the
recommendations of the ECE manual (United Nations Economic Commission
for Europe, Convention on Long-Range Transboundary Air Pollution -
International Co-operative Programme on Assessment and Monitoring of Air
Pollution Effects on Forests).

(1) OJ no. L 326, 11.21.1986, p. 2
(2) OJ no. L 165, 06.15.1989, p. 8
(3) OJ no. L 161, 06.22.1987, p. 1



1.2

Inventory method

The common method for establishing a periodic inventory of damage caused
to forests is described in Annex 1 of Commission Regulation (EEC) no.
1696/87 of June 10, 1987, and in the Council Regulation (EEC) No. 1613/89.
They lay down certain detailed rules for the implementation of Council
Regulation (EEC) no. 3528/86. They apply to both the Community Inventory
of forest damage and to the more dense grid networks that might be used by
the Member States to draw up their forest health reports to be forwarded to
the Commission.

The common inventory methodology requires that a network of observation
points should be established following a systematic grid covering the entire
forest area of the Community. For the community inventory, a 16 x 16 km.
grid is used for which the latitude and longitude coordinates of each point
have been provided by the Commission to each Member State. Member States
are however encouraged to collect additional information from denser
networks using the common methodology, in order to obtain representative
data at national or regional level to be included in their annual reports as
foreseen by Council Regulation (EEC) no. 3528/86.

At each grid intersection point falling in a forest, a sample of 20-30 trees is
selected for assessment according to a stringently defined, objective and
unbiased statistical procedure. The sample includes all tree species provided
the sample trees have a minimum height of 60 cm. Only predominant,
dominant and co-dominant trees, according to the system of Kraft, qualify as
sample trees.

In each observation plot the tree sample is assessed with respect to defoliation
and discolouration following the European classification. In the 1987 and 1988
forest damage inventory, defoliation was estimated in five classes:

Class Degree of defoliation Percentage of
needle/leaf loss
0 not defoliated 0-10%
1 slightly defoliated 11-25%
2 moderately defoliated 26-60%
3 severely defoliated >60%
4 dead

In the 1989 inventory, defoliation was estimated in 5% increment classes, with
class 0 = 0% defoliation, class 5 = 1-5% defoliation, class 10 = 6-10%
defoliation, etc.

Defoliation is estimated in comparison with a tree with full foliage, the
reference being a healthy tree in the vicinity or a photograph of a tree with
full foliage, suitable for the region of investigation.

Discolouration is estimated in four classes:

Class Degree of discolouration Percentage of
discolouration

0 negligably discoloured 0-10%

1 slightly discoloured 11-25%

2 moderately discoloured 26-60%

3 severely discoloured >60%
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Defoliation of trees or crown density is the basic index used in all surveys of
forest health carried out throughout Europe in the framework of the
Convention on long-range transboundary air pollution. It is influenced by a
number of factors, of which pollution is one. The same holds for
discolouration of foliage, another index used for evaluating the vitality of trees.
Consequently, there is a major problem in separating any changes in crown
density or colouration attributable to pollution from those attributable to other
factors. However, research has indicated that air pollution in many cases plays
a significant role in forest decline. In many cases the existence and extent of
forest damage cannot be explained without considering the influence of air
pollution.

In addition, for each sample plot data are collected on the following
parameters and classified into common categories laid down in Regulation no.
1696/87: country, actual Jatitude and longitude coordinates, observation plot
number, altitude, aspect, availability of water to principal species, humus type,
mean age of dominant storey, date of observation, tree number, tree species
and observations of easily identifiable damages. For the Community network
these data are collected on common census forms (see Annex V) which are
forwarded to the Commission.
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1987, 1988 and 1989 Community inventory of
damage caused to forests

Completion

The aim of the Community scheme, provided for under Article 2 of Council
Regulation (EEC) no. 3528/86, is to establish a periodic inventory of the
health status of forests in the Member States of the EC by collecting
representative and comparable data on the extent and intensity of forest
damage and to monitor its development.

The installation of the Community network of observation plots started in
1987 and the first observations of forest damage were carried out during the
summer of that year. In 1987 the Commission received information from 1,216
Community observation plots and for 26,390 sample trees, in 1988 from 1526
plots and 37,607 trees, and in 1989 from 1891 plots and 45572 trees.

In the 1987 Community inventory, only a little over half of the grid network
was established. In 1988, the network was considerably extended and was
almost completed in 1989, with the inclusion of additional parts of France in
the inventory. Only Sardinia and Sicily remained unsurveyed. Therefore the
results of 1987 and 1988 may not be considered entirely representative for the
Community’s forests as a whole. With the completion of the network for
almost all the Member States, the inventory results for 1989 can give
representative data on the state of health of the forests in the Community.
Table 1 gives the numbers of sample trees and plots by Member State for
1989.

TABLE 1: Number of plots and sample trees in 1987, 1988 and 1989.

Country Plots Sample trees

1987 1988 1989 1987 1988 1989
France 75 228 509 1806 4465 10192
Belgium 11 33 33 264 792 791
Netherlands 14 14 14 280 280 278
F. R. Germany 300 299 298 8062 7919 7883
Italy 189 208 206 5059 5536 5695
United Kingdom 75 75 76 1803 1791 1811
Ireland 22 22 22 535 461 462
Denmark 20 19 19 480 456 456
Greece 0 84 104 0 1979 2463
Portugal 108 154 152 2274 4621 4569
Spain 398 386 454 5730 9211 10876
Luxemburg 4 4 4 96 96 96
EC 1216 1526 1891 26389 37607 45572

Common Sample Trees - 19651 35478




2.2

2.3

Input and screening of data

As stated in the rules of the Council Regulation detailing the inventory of
forest damage in the European Communities, the forms with data of the forest
damage inventory shall be forwarded to the Commission by December 15th of
the year the inventory takes place.

Upon arrival at the Commission the information on the forms is screened.
Incomplete and obviously faulty data are not accepted for further evaluation.
Forms on which a single and less vital parameter is missing are accepted for
evaluation, but will be excluded from the detail evaluation concerning the
missing parameter. This is the reason why in a number of detail evaluations
the totals do not always correspond to the grand total of 45572 trees.

After the first year (1987), in which a relatively large number of data were
excluded, almost no data had to be rejected.

When the input of the data has been completed, a check is made with the data
of former years. Trees common in both 1988 and 1989 are accepted for the
evaluation with regard to Common Sample Trees (CST’s)

Main characteristics of sample trees

Within the tree sample assessed in 1989, the following 10 species, mentioned
in descending order of presence occur most frequently: Picea abies (10.3%),
Pinus sylvestris (9.2%), Fagus sylvatica (8.4%), Pinus pinaster (8.0%), Quercus
ilex (6.8%), Quercus robur (4.8%), Quercus petraea (4.1%), Pinus halepensis
(4.0%), Quercus pubescens (3.2%) and Quercus suber (3.2%).

The total proportion of broadleaves and conifers was 49.7% and 50.3%
respectively for the 1988 survey, and 54.3% and 45.7% respectively for the
1989 survey.

In 1989 the great majority (84.5%) of the sampled trees was situated in plots
which had been classified in the water availability class ’sufficient’, 13.8% in
’insufficient’ and 1.7% in ’excessive’.

As far as humus type is concerned, 39.3% of the trees were on mull humus,
38.7% on moder, 13.4% on mor and only 0.3% and 1.2% respectively on
anmor and peat. For 7% of all sample trees, the humus type was not defined.
As to altitude, 55.2% of the total sampled trees was situated at less than

500 m., 28.6% between 500 and 1000 m. and 16.3% above 1000 m.

As to exposition or aspect, the plots were generally fairly equally distributed
among the classes except for class 9 (flat) which represents almost a quarter of
the sampled trees. A slightly higher proportion of the samples trees was found
in north-facing plots.

As regards to mean age classes, 61.1% of sample trees were located in less
than 60 years old stands and 28.9% in stands of 60 years of age or more. A
total of 10.1% of the trees was observed in stands with an irregular age
distribution. Most age classes were fairly equally distributed over the altitude
classes. Irregular aged stands were somewhat more common at higher
altitudes.

As for climatic zone, 21.2% of the sampled trees were found in the Atlantic
zone, 29.6% in the Sub-atlantic zone, 4.9% in the Mountainous zone. Most
sample-trees (44.4%) were found in the Mediterranean zone.
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2.5

Presentation and definitions

The damage results are presented in terms of the percentage of the tree
sample falling into each defoliation class.

The question can be raised whether a qualitative distinction can be made
between the first two defoliation classes. It can often be debated whether a
tree in defoliation class 1 may truely be described as ’damaged’. It was
demonstrated that over a two years time interval, individual trees may shift
from defoliation class 0 to defoliation class 1 and vice versa (Annex VI). This
shift may be due to changes in the health conditions of the trees, but may also
reflect the natural variation in crown density.

However, before initially healthy trees reach higher defoliation classes, they
must pass the state of defoliation class 1 at a certain phase of development.
This class may therefore be interpreted as a ’warning class’. In the report,
trees in defoliation classes 0 and 1 will be referred to as ’not damaged’, even
though some defoliation has occurred.

Defoliation classes 2, 3 and 4 represent considerable defoliation (crown density
less than 75% of what would be considered as normal). The total percentage
of sample trees classified in those three defoliation classes gives a reliable
indication of the presence of significant damage. Hereafter, trees classified in
defoliation classes 2, 3 or 4 will per definition be considered as *"damaged
trees’. A sample plot will in this report be considered as ’damaged’ if the
weighted average defoliation class of the sample trees of this plot is 2, 3 or 4.
If, on the other hand, the weighted average of a plot is 0 or 1, the sample plot
will be considered as ’not damaged’.

Whenever time trends in defoliation are presented, the percentages of trees in
defoliation class 0 and 1 per plot will be considered for individual tree species.
This can give an indication of the variation in defoliation of trees between
plots. Additionally, when time trends are presented with respect to some
environmental variables, only plots will be included that contain at least 10
individuals of the tree species concerned. This way, only stands are included in
which the species represents a major stand component, and so the possible
influence of competition from other species is diminished. Furthermore,
extreme values for percentages of trees in the defoliation classes, due to the
presence of only a few individuals of the species, will be avoided.

Comparability of 1987, 1988 and 1989 results

As the number of sample trees was largely increased in 1989 as compared to
1988 and 1987 (respectively 45572, 37607 and 26390 sample trees), the global
results of these three years are not fully comparable. The increase in the
number of sample trees is mainly due to the extension of the inventory grid in
Spain, Portugal and Greece in period 1987-1988, and the further extension of
the grid in France in the period 1988-1989.
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In order to allow certain comparisons be made between results of subsequent
years, a subsample has been defined which consists of those sample trees that
have been observed over the entire time interval. The subsample for the
period 1988-1989 contains 35478 trees, and will be referred to as Common
Sample Trees 1988/1989 (CST’s). The comparisons between the 1988 and 1989
observations given hereafter are based on this subsample.

Separate comparisons have been made for the observations on some of the
most common tree species in the Community. For these species, a separate
sub-sample has been defined for sample trees observed over the entire period
of the survey (1987-1989). These comparisons enable the establishment of
possible trends in the health condition of the species considered over the full
time interval of the forest health inventory.
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1989 Inventory results

Inventory results for the entire Community

Table 2 shows the total percentages of defoliation and discolouration for all
broadleaves and conifers in the Community. Regarding all the Member States,
conifers show a slightly lower percentage of trees in defoliation classes 0+1 (0-
25% defoliation). As for discolouration, the percentages are similar for broad-
leaves and conifers.

TABLE 2: Total percentages of defoliation and discolouration for all
' broadleaves, conifers and total sample trees in the EC.

Defoliation

Species type 0-10% 11-25% 0-25% 26-60% >60% dead No. trees

Broadleaves 69.2 22.4 91.6 7.4 0.7 0.3 24737
Conifers 62.3 25.8 88.1 10.2 1.2 0.4 20835
All Species 66.1 24.0 90.1 8.7 0.9 0.3 45572
Discolouration
Species type 0-10% 11-25% 26-60 >60% No. trees
Broadleaves 83.7 12.6 2.9 0.7 24737
Conifers 84.2 12.8 2.2 0.7 20835
All species 84.0 12.7 2.6 0.7 45572

In the 1989 survey, a total of 106 species was identified in the sample plots.
The number of observed trees per species was generally low. Only 13 species
had a presence of over 2%. The 10 most common species represented over
60% of all observed trees (Table 3, Annex I-1).

When regarding defoliation by species group, of all the broadleaves Eucalyptus
sp. and Quercus ilex show the highest percentages of not- to slightly defoliated
trees (respectively 98.4% and 96.5%). The percentages of not- to slightly de-
foliated trees for the other broadleaved species groups are all within the ave-
rage range for total broadleaves (Annex I-3).

As to coniferous species groups, Abies sp. and Picea sp. show the lowest per-
centages of not- to slightly defoliated trees (respectively 82.7% and 80.0%),
suggesting a relatively poorer health condition. Other species groups showed
more or less average percentages of not- to slightly defoliated trees

(Annex I-3).
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TABLE 3: Presence of most frequent species in the inventory.

Species Trees Plots
No % (% cum.) No %
Picea abies 4705 103 10.3 287 6.8
Pinus sylvestris 4188 92 195 316 7.5
Fagus sylvatica 3831 84 279 352 8.3
Pinus pinaster 3645 8.0 359 188 4.5
Quercus ilex 3084 6.8 427 20t 4.8
Quercus robur 2204 4.8 475 260 6.2
Quercus petraca 1849 4.1 516 209 5.0
Pinus halepensis 1804 40 55.6 105 2.5
Quercus pubescens 1501 3.3 589 138 33
Quercus suber 1470 32 62.1 91 2.2
Pinus nigra 1464 32 653 103 24
Castanea sativa 1315 2.9 68.2 133 3.2
Eucalyptus sp. 1052 23 705 62 1.5

Of all the broadleaves, most discolouration was found for Quercus suber (only
54.2% of the trees not-discoloured). Quercus ilex showed least discolouration,
with 93.0% of not-discoloured trees (Annex I-4). The conifers did not show
such a great variation in discolouration. Abies sp. and Pinus sp. showed rela-
tively low percentages of not-discoloured trees (respectively 76.6% and 81.8%)
(Annex 1-4).

The total percentages of trees in the discolouration classes 0+ 1 were approxi-
mately the same for all species groups.

Annexes I-5, I-6 and I-7 show maps of the distribution of the percentages of
damaged trees, plot defoliation and plot discolouration over the Community.

Defoliation and discolouration by climatic region

To each sample plot a climate type has been attributed. This climate type has
been assigned in function of the geographical location of the plot. In this
attempt to define climatic regions, simplicity has been striven after in order to
avoid excessive splitting of the data set.

Four large climatic regions are distinguished (Figure 1):

* Atlantic region

* Sub-atlantic region

* Mediterranean region
* Mountainous region

The Atlantic region comprises a broad belt along the Atlantic coast. It starts at
the northern border of Portugal, runs across northern part of Spain and the
western part of France and Belgium, and covers all of the Netherlands, Den-
mark, the United Kingdom and Ireland. The northern part of the Federal
Republic of Germany is also included in this region.

The climate in this region is generally moist and windy with moderate tempe-
ratures in both summer and winter, and with long transitional seasons. In 1989,
23.4% of all the sample plots were located within the Atlantic region.
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