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Foreword

The European Forest Institute (EFI) has five Research and Development priority ar-
eas. forest sustainahility, forestry and possible climate change, structural changesin
markets for forest products and services, policy analysis, and forest sector informa-
tion services and research methodology. In the area of forest sustainability our most
important activity has been the project "Growth trends of European forests', the re-
sults of which are presented in this book.

The project was started in August 1993 under the leadership of Prof. Dr. Heinrich
Spiecker from the University of Freiburg, Germany, and it is one of the first EFI's
research projects after its establishment in 1993. The main purpose of the project
was to analyse whether site productivity has changed in European forests during the
last decades. While several forest growth studies have been published at local, re-
gional and national levels, this project has aimed at stimulating a joint effort in iden-
tifying and quantifying possible growth trends and their spatial and temporal extent
at the European level.

Debate on forest decline and possible climate change, as well as considerations re-
lated to the long term supply of wood underline the importance of this project, both
from environmental and industrial points of view. Knowledge on possible changes
in growth trends is vital for the sustainable management of forest ecosystems.

From a methodological point of view, the leading ideain the project has been to
utilise existing research plots and data from many countries to increase the empiri-
cal base and validity of the analysis. 44 scientists from 12 countries have contribut-
ed to this report. As such, the project is an excellent example of the basic idea be-
hind EFI and its mode of operation - to create added value to existing data by pan-
European research networking.

On behdf of EFI | would like to express my warmest thanks to dl those who have
contributed to the project and to this report. In particular, | would like to thank Prof.
Dr. Heinrich Spiecker for his outstanding leadership of the project, and the Editori-
a Board of this report: Prof. Kari Mielikainen from Finnish Forest Research Insti-
tute, Dr. J.P. Skovsgaard from the Danish Forest and Landscape Research Institute,
Dr. Michael Kohl from the Swiss Federal Institute for Forest, Snow and Landscape
Research, and Prof. Dr. Spiecker as the Chairman of the Editorial Board. | would
also like to thank Ms. Ursula Gramm at Springer Verlag for her help in publishing
this volume.

On Europe Day, 9 May 1996
Birger Solberg
Director, European Forest Institute
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Introduction

Heinrich Spiecker (project coordinator)
Ingtitut fur Waldwachdum

Bertoldstr. 17

D-79085 Freiburg, Germany

Debates on forest decline and possible climatic changes emphasize the need for in-
formation regarding environmental changes and their effects on forests. In recent
years, the condition of European forests has been systematically surveyed. For eval-
uation and interpretation of actual forest conditions long-term observations are
needed. Only a few forest characteristics have been monitored over long periods of
time. One of these characteristics is forest growth. For many decades, forest re-
search ingtitutions have installed permanent research plots and conducted tree ring
and stem analyses to investigate long-term growth of forests. The aim of such re-
search is to ensure sustainable forest production.

Recent investigations in European forests indicate both positive and negative
changes in forest growth. In contrast to discussions about forest decline in the
1980s, several studies show that forest growth may have actually increased on spe-
cific sites (e.g. Abetz 1988; Kenk and Fischer 1988; Pretzsch 1992; Eriksson and
Johansson 1993; Spelsherg 1994; Becker et al. 1994; Rohle 1995). A remarkablein-
crease in growing stock of European forests has been reported (UN-ECE/FAO
1992; Kauppi et al. 1992; Kuusela 1994) which may have partly been caused by an
increase in site productivity. Other possible causes for this observed increase are
changes in tree species composition, age structure, silvicultural practices, spatia dis-
tribution of forest land and assessment methods.

Through these findings foresters were reminded that one could not simply rely on
past growth observations to predict future growth. Even without human influences
forests have always been exposed to environmental changes. As aresult, growth
rates have always been changing over time (Spiecker 1995). In addition, human ac-
tivities are increasingly influencing the environment. Changes in litter raking, graz-
ing, historical management (incl. regeneration methods, weed control, tending, thin-
nings and their effects on genetic resources, species composition, age structure and
forest structure), fertilization and liming, climate (including air chemistry), atmos-
pheric deposition, occurrence of pests and diseases, disturbances caused by fire,
storm and snow, as well as browsing have influenced site conditions considerably.
The global increase of atmospheric C0O, and atmospheric deposition of nitrogen have
an impact on forests. The level of CO; is predicted to double within the next centu-
ry (Houghton et al. 1990). In consequence, more changes in climatic conditions are
expected.

European Forest Institute Research Report No. 5
Growth Trends in European Forests
Edited by H. Spiecker, K. Mielikainen, M. Kohl and J. R Skovsgaard
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Fig. 5. The radial increment of Scots pine in different age classes in the material from strict
nature reserves. Age classes 115, 125, 135 and 145 years.

A more detailed analysis was made by trying to model the radial increment of
sample trees and studying the residual variation of the data against the calendar
year. In the model, the width of a single annual ring was predicted by tree diameter
as the only predictor variable. Tree age was not used because it could, when used
together with diameter, conceal a possible trend (Elfving and Tegnhammar 1995).
This is because the size of atree at a certain age is a measure of soil productivity
itsalf.

In order to make the age and diameter distribution of the material as homogenous
as possible against the calendar year, the data was first restricted to contain only an-
nual rings in age classes from 90 to 120 years, diameter classes 16 to 28 cm and the
calendar years 1893 to 1992 (Fig. 6). Without this, the data may have been skewed
(correlation between diameter and calendar year), causing problems in growth mod-
eling and interpreting of the results.

The restriction of the data resulted in a growth model with a zero coefficient of
determination (R?). This means that the width of annual rings in the age class 90-
120 years has been constant in unmanaged stands for the last 100 years.

The deviation of the radial increment from the mean (Fig. 7) along the calendar
year shows hoth short- and long-term growth variation during this century. A slight
descending trend (p = 0.98, t = -2.38) could be detected for the whole study period.
This trend may be caused by the lower mean age of annual rings in the data before
1920 (seeFig. 6). From 1943 to 1992, no trend exists. In this respect, the results dif-

Results 51

Diameter, mm
500

400

300 4

200 -

2 ;,{;';H:ﬂ:izﬁfiffﬁ;fuiiiim;;fm!. |

100 —

1800 1850 1900 1950 2000
Calendar year

Age of annual ring, years
200

180 —
160 H

140 —
g

11111

i

120
100 -]
80

60

T T T
1900 1950 2000
Calendar year

Fig. 6. The homogenisation of the annual ring material from strict nature reserves for mod-
elling tree growth.
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fer clearly from those published by Hari and Arovaara (1984), who used the same
kind of datafrom untouched stands. The method used by Hari was based on the in-
crement curve against age from the 19th century as reference. Some uncertainty in
both studies is caused by possible human influences in the past. Most of the strict
nature reserves were set aside as late as the 1950s, and consequently their manage-
ment history is not always exactly known. So some of the annua rings in the first
few decades of this century may have been influenced by selection cuttings com-
monly used in those times.

3.3. Individual Trees on Permanent Experiments

Regular measurements of trees on permanent experiments offered a good basis for
modelling the effects of competition on tree growth. The method was roughly the
same as was used with the material from strict nature reserves. Prior to modelling,
the material was limited to 30-60 years in age. This limitation decreased the varia-
tion in the material and thus resulted in a growth model with a very low degree of
determination. The study could also have been made on the basis of existing growth
models. This alternative was rejected because the models contained tree age and di-
ameter as predictor variables (see Elfving and Tegnhammar in this volume).

Ring width, mm
1.0 1
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' I ¥ I t I ! 1 ' 1 M 1
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Fig. 7. The variation of radial increment against the calendar year in the material from strict
nature reserves after homogenisation. The mean of annual rings = 0.57 mm.
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The growth model developed was as follows:

Dependent variable: Width of annual ring, mm

Independent Coefficient t-value

variable
Constant 1.804 23.6
d 0.005307 21.6
N -0.00007018 5.8
G 0.05301 7.7
G? 0.0009618 8.3
H, -0.1043 21.6
D 0.04071 8.5

o

where d = tree diameter (cm), N = number of stems per ha, G = stand basal area
(m? ha), Hg = mean height (m), D, = mean diameter (cm). Height and diameter
weighed with basal area.

Constant = 1.804 if site type CT (H100 = 21)
Constant = 1.987 if site type VT (H100 = 24)
Constant = 2.327 if site type MT (H100 = 27)

Number of observations = 5354
Degree of determination R? = (.22,

The deviations from the model do not show any long-term trends from 1924 to
1992 (p = 0.1653, t = -0.21). The small differences between the results from strict
nature reserves and from permanent experiments may be caused by the relatively
small number of samples in both materials (Fig. 8).

where d = tree diameter (cm), N = number of stems per ha, G = stand basa area
(m* ha'), Hy = mean height (m), Dy = mean diameter (cm). Height and diameter
weighed with basal area.

Constant = 1.804 if site type CT (H100 = 21)

Constant = 1.987 if sitetype VT (HI00 = 24)

Constant = 2.327 if site type MT (HI00 = 27)

Number of observations = 5354

Degree of determination R? = 0.22.

The deviations from the model do not show any long-term trends from 1924 to
1992 (p = 0.1653, t = -0.21). The small differences between the results from strict
nature reserves and from permanent experiments may be caused by the relatively
small number of samplesin both materials (Fig. 8).

3.4. Height Development of Dominant Trees

The development of dominant height is regarded as one of the best stand character-
istics for showing changes in soil productivity because dominant height is consid-
ered to be insensitive to the management history (density) of the stand. In this study,
the site index of every stand was calculated at different dates on the basis of felled
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Fig. 9. The change in the relative site index of Scots pine (site index in the year 1950 = 1)
on relatively poor soils (site index H100 = 24-27 m) as estimated using the model presented
by Gustavsen (1980). Felled sample trees on permanent experiments.
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The different management history of young and old stands in this type of material
can cause problems when using the model estimates as representing the real height
development of stands managed by low thinnings. Thinning from above was com-
monly used in Finland in the first part of this century, which must have had an -
fect on Gustavsen's site index curves (see Tamminen 1993). A trend lasting
throughout the entire century suggests that the trend is mainly due to differences in
these two data materials.

Results deviating from the average were obtained in study stands #5 and #13,
close to the Helsinki-Vantaa airport. An acceleration in the height development of
dominant trees (3 trees per stand) began in these stands in the 1940s (Fig. 10). The
current volume increment also shows the same atypical trend (Fig. 11). It is possi-
ble that the increase in wood production in these stands is at |east partly due to the
increased deposition of nitrogen in this area.

4. Discussion and Conclusions

The results obtained contain many uncertainties. The long-term climatic variation of
tree growth is one of them. The acute effect of exceptional climatic events can lead
to long-lasting growth decline as aresult of root damage and defoliation (Jalkanen
et a. 1995). The recovery of and decreasing competition between surviving trees
after catastrophes or management measures can result in very long-lasting trend-like
growth reactions.

The major weakness of the data from old stands of strict nature reserves is the
lack of information on stand history. Forest fires have occurred in pine stands in
southern Finland at intervals of 60 to 100 years (Parviainen 1994). The signs of
fires, storms and old cuttings may have disappeared elsewhere, but not from annual
rings. Fire has presumably caused long-lasting trends in the annua rings of some
old trees in this material. The initial density of the study stands has aso played a
decisive role in the competition between trees, natural mortality and diameter
growth of the stands in their youth.

The problems in connection with permanent experiments are the relatively small
size of the data sample and the uneven age structure of the data. The material is con-
centrated at the beginning of this century in young and at the end of the century in
old age-classes. The study method presupposes that the age structure of the annual
ring material remains constant throughout the century. To solve this problem, the
material was limited to age classes from 30 to 60 years. In addition to old experi-
ments, also experiments established during the last few decades were included in the
material. Thisin turn results in variation caused by annual rings originating from
different stands in each calendar year.

A problem common to al materials is that of site classification. If there is a
growth trend, this trend is included in the site class, regardless of whether the clas-
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Fig. 10. The change in the relative site index (see Fig. 9) on two permanent experiments ex-
posed to above-average nitrogen deposition in southern Finland. Three dominant trees in ex-
perimental stands #5 and #13 in Helsinki, Vantaa,
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Fig. 11. Current and mean annual volume increment of experimental stand #13 in Helsinki,
Vantaa.

sification is based on the development of dominant height or ground vegetation. The
changing site quality conceals the existing growth trend. Without information on the
change rate of the site, the comparison of experiments established in different dec-
ades in different locations involves some uncertainty (Keller 1992).

Our data, collected from natural forests and from old experiments, do not reveal
trend-like changes in tree growth. Only few indications about trends could be found
on some plots in the southernmost part of the country. The following are some of the
reasons for the lack of trends:

1. In northern latitudes, the typically marked climatic variation in tree growth can
conceal small emerging trends.

2. The temperature and precipitation of the growing season do not show aclear
trend during this century. The summers of 1961-1990 were dlightly cooler than
those during the preceding 30 years. Only the temperature of May is showing an
increasing trend during the past few decades.

3. The fairly low nitrogen deposition rate (5 kg ha’a™) in Central Finland during
the past 20 years is unlikely to cause growth trends that could be separated from
long-term growth variation yet.
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4. The study material consists of unmanaged natural stands and experimental
stands that have been subjected to low thinnings. Thus, trends caused by
changing silviculture are outside the scope of this study.

On the basis of the non-existing growth trends of this study and the results ob-
tained from eight successive national forest inventories, it can be concluded that the
main factors leading to a high increase in the total growth of Finnish forests during
the last 40 years are the result of changes in stand structures (age, density etc.) and
silvicultural practices (regeneration, thinnings, drainage, fertilization etc.).
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