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Foreword

National timber-assessment studies based on dynamic models are well de
veloped in several European countries. However, consistent and dynamic
timber assessments for all of Europe are rare and those that exist are not
based on formal quantitative models. Because of this lack, a first objective
of the nASA Forest Study was to develop a consistent and formal dynamic
model for European forests. Such a model is crucial for formulating relevant
forest policies tlHoughout Europe, as well as for calculating long-term timber
balances for the region.

One important external factor influencing tIle forest policies in individual
countries in Europe is the effect of air pollutants, which have affected Eu
rope's forests since the onset of the Industrial Revolution. The first scientific
warnings came in the 1850s, when German researchers reported 'damage to
trees ncar industrial sites. A century later, scientists began warning that
all of Europe was awash in a basin of polluted air, and tllat pollution was
damaging vast stretches of forest. Although there is a considerable body of
knowledge concerning air pollution and forest decline, this information has
never been employed in Europewide site studies. One major objective of the
nASA Forest Study has been to try to quantify the effects of air pollutants
on European forests in a consistent way, using the best available knowledge.

Finding solutions to the air-pollution problem is not easy. Those who
design and implement solutions to the problem must coordinate local actions
to achieve regional, national, and international goals. We hope that the
results of the nASA Forest Study will playa role in this process.
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vi Foreword

The Forest Study was initiated by IIASA in 1986 but has been carried
out in close collaboration with the Swedish University of Agricultural Sci
ences, Garpenberg, where much of t}le work was done. We are also indebted
to approximately 120 collaborating organizations throughout Europe that
assisted in the work.

Sten Nilsson
International Institute for
Applied Systems Analysis

Laxenburg, Austria



Preface

In 1986 the IIASA Forest Study began to address the question of the long
term development of the European forest resources. Objectives of the study
are:

(1) To gain an objective view of potential developments of forest resources
of Europe.

(2) To build a number of alternative and consistent scenarios about potential
future developments.

(3) To illustrate the effects of forest decline caused by air pollutants.
(4) To identify meaningful policy options.

A detailed country-by-country database of European forest resources has
been assembled by the Forest Study and linked to a matrix-type simulation
model. The model generates projections of growing-stock and timber-harvest
volumes over time by country, species group, and age, making it possible to
undertake a general timber-supply assessment.

The forest-decline effects caused by air pollutants have been simulated in
the model by taking into account depositions, critical loads for air pollutants
(sensitivity to air pollutants), and resulting damage cycles and growth losses.

The following results can be highlighted concerning Western and Eastern
Europe:

• Ily comparing the 100-year average harvests from the Forest Study with
actual removals in 1987, it can be shown that there is a potential to
increase long-term sustainable harvests by about 110 million cubic meters
per year. This calculation does not take into account any effects of air
pollutants.

• The Nordic countries and the original EEC countxies (EEC-9) have the
highest potential to strengthen their role as wood suppliers.

• The loss of potential harvest caused by air pollutants expected to be
emitted in Europe up to the years 2000 and 2005 is estimated to be about

vii



viii Preface

16 percent of the total potential in the no-decline situation (assuming no
pollution-induced decline). This corresponds to a loss of about 85 million
cubic meters per year averaged over 100 years.

• The regions most affected by forest decline attributed to air pollutants
are the Eastern and Central (Austria and Switzerland) regions, followed
by the EEC-9.

• The anticipated expansion of forest land in Europe will generate an in
crease in the total timber-harvest potential of some 25 million cubic me
ters per year, averaged over 100 years.

• About 70 percent of this increase will take place in the EEC-9 region.
• Even in the case of no future decline attributed to air pollutants, the

Continent may face an annual roundwood deficit of some 40 million cubic
meters per year by 2010.

• If decline caused by air pollutants is taken into account, the deficit
amounts to about 130 million cubic meters per year.

• Even full success in controlling major damaging air pollutants will not
be enough to remove all signs of stress in European forests. Inadequate
implementation of good silvicultural practices has also contributed to the
decline visible today.

• Improvements in implementing basic forest management are required.
• Immediate reductions of air pollutants in Europe are required.
• Unfortunately, pollutant emissions are unlikely to be controlled as rapidly

and comprehensively as desired.

The information generated by the study is intended for use by policymak
ers in governments, international organizations, industry, and special interest
groups. This is an introductory volume to a series of books on the timber
assessment of the Forest Study. Volume I deals with the background of the
Forest Study and results for Western and Eastern Europe, not including the
Soviet Union. Volume II presents details on the forest-resources databases
and models used in our analyses. Volume III describes the background and
results for the European part of tIle Soviet Union.
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Chapter 1

Introduction

1.1 Background

The forests of the world are one of humanity's most important resources.
Trees are necessary components of the ecological processes that make the
Earth inhabitable for human beings. Trees store energy and oxygen, and
their root systems bind soil particles and raise the soil's capacity to absorb
and store water.

From an economic point of view, trees are valuable. They are the raw
material needed for the production of timber, paper, and lumber, and are an
important part of the chemical industry. In developing countries, firewood
is the dominant source of energy and accounts for more than 80 percent of
total wood consumption.

The forests of the world are also tremendous genetic reservoirs - espe
cially the flora and fauna of tropical forests, the riches of which are not yet
fully appreciated. Today, nature is the most important venue for recreation.
Undisturbed areas of virgin forest are becoming increasingly attractive to
those living in urban centers.

Because the forests of Europe are so important in many different ways,
forest decline attributed to air pollution became a major concern of European
society in the 1980s. Although the phenomenon is by no means a new one
(researchers have noted forest damage from air pollutants on a local scale for
more than a century), the simultaneous appearance recently of visible stress
symptoms in trees in many areas of Europe and North America has raised
the issue to one of great significance. There is widespread concern within
the scientific, industrial, labor, economic, regulatory, and public sectors of

1



2 FUture Forest Resources of Western and Eastern Europe

European society that a continuation of recent trends in forest decline may
lead to a plethora of undesirable consequences. These include: disturbances
in trade patterns for wood products, leading to wide fluctuations in prices
of both raw materials and finished productsj increased costs for silviculture
and forest protection (e.g., due to increased incidence of insect outbreaks);
loss of recreation forestsj and loss of the protective functions of forests with
respect to soil and water, especially in mountain regions.

While the scope ofthe phenomenon is international (I.e., there are declin
ing forests throughout the European continent), the scale of each instance
of decline is local to regional. There are two major reasons for this: (a)
the forests themselves differ from region to region (because of ecological and
silvicultural differences), making them differentially susceptible to air pollu
tion and other stressors, and (b) the spectrum of air pollutants differs from
region to region. While strategies to combat undesirable impacts of forest
decline must be fitted to specific local or regional factors, they also must
be set firmly in an international context to take into account, for example,
transboundary air pollution and trade in raw materials'.

Most of those who recognize the gravity of the problem are calling for
immediate mitigative actions. However, it is clear that actions taken in one
country for its own benefit may undesirably affect other countries and that
actions taken by one sector of Europe's economy may undesirably affect other
sectors. Thus there is a urgent call for international and regional cooperation
in efforts to combat the consequences expected of continued forest decline
in Europe.

There is, in relative terms, a considerable body of knowledge on what
actions should be pursued on a local scale in response to decline. However,
the systems whose future we are most concerned about are regional (e.g.,
forest-management units administered by governments or companies), na
tional (national economies), and international systems (e.g., European Eco
nomic Community). Therefore, those who design and implement solutions
to the problem of forest decline must grapple with the difficulties of coor
dinating local actions to achieve regional goals, regional actions to achieve
national goals, and national actions to achieve international goals. This is a
central dilemma of management, think global/y, act local/y.

The same kind of difficulty arises when considering the temporal dimen
sions of forest decline. Forests are, in relative terms, slowly evolving systems.
Actions taken in the European forests over the past several centuries have
given us the forests we have today. Any actions'taken over the next decade
will play a large part in determining the nature of the forests and forest
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economy several decades into the future. Therefore, those who design and
implement solutions to the problem of forest decline must coordinate ac
tions for the near term to achieve longer-term objectives for the systems
under management. This is another central dilemma of management, think
long-term, act now.

A third dilemma of trying to cope with the forest-decline problem in a
broad-scale, long-term context is that the range of affected persons and deci
sion makers is extremely broad, heterogeneous, and very difficult to bound.
If the repercussions of continued forest decline become as far-reaching as the
partial list above suggests, then the number of societal parties and sectors
that would want to be involved in the design and implementation of solutions
is large. In this situation, the challenge is to find ways of accommodating
the myriad of competing interests, of various strengths, in the search for
equitable problem resolution.

1.2 The IIASA Forest Study

Within IIASA's Environment Program, the Biosphere Dynamics Project ex
amines long-term, large-scale interactions between the world's economy and
its environment. The Project conducts its work through a variety of basic
research efforts and applied case studies. One such study, the Forest Study,
has been under way since March 1986, addressing the social, economic, and
ecological consequences of forest decline. The immediate focus is on the
future development of forest resources in Europe. Objectives of the Forest
Study are:

(1) To gain an objective view of potential future developments of the forest
resources of Europe.

(2) To build alternative and consistent scenarios about the potential future
developments and their effects on the forest sector, international trade,
and society in general.

(3) To illustrate the effects of forest decline caused by air pollutants, existing
and changed silvicultural strategies, and expansion of the forest landbase.

(4) To identify meaningful policy options, including institutional, technolog
ical, and research/monitoring responses that should be pursued to deal
with these effects.

A matrix-type simulation model has been developed to forecast various
scenarios of the development of forest resources and wood supply under dif
ferent assumptions about future forest-decline rates, silvicultural practices,
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and forest-land expansion policies in Europe. A detailed country-by-country
database on the forest resources in Europe has been developed by the Forest
Study and linked to the simulation model. The model generates forecasts
of wood volume over time by country (and subregions of a country), species
group, and age, making it possible to undertake a general timber-supply
assessment for Europe.

Another major activity of the Forest Study has been to generate informa
tion and knowledge about different topics connected to timber assessment.
Of special concern is forest decline attributed to air pollutants. Examples of
topics related to this issue are forest-decline patterns, monitoring of forest
decline, future demand for forest products, future trade in forest products,
industrial structure, restoration of declining forests, and social consequences
of decline.

The third activity of the Forest Study is to examine strategic policy
options for coping with the consequences of the future development of for
est resources in Europe by generating a set of future history scenarios. A
new approach to policy analysis, the policy exercise, has been developed
and tested. A policy exercise is a flexible process designed as an interface
between analysts and policymakers. It consists of one or more structured
workshops where the policymakers formulate responses to a basic scenario
or situation context, and the scientists simulate the impact of the policy
responses and update the world accordingly by introducing constraints on
policy options. The basic objective of the work is to set priorities for near
term policy initiatives to help .cope with potential undesirable consequences
of forest decline.

1.3 Policy Issues Concerning European Forest
Resources and Forest Management

One of the most important features of European forests is their economic
function as a source of raw materials for the forest-products industry. The
forests generate employment opportunities which contribute to rural devel
opment by maintaining populations and improving standards of living. More
and more attention is now being paid to the importance of forests in envi
ronmental conservation and the protection of water, soil, fauna, and flora.
The social and recreational functions of the forests are also becoming more
significant. Therefore, an increased awareness in European society of the
importance of maintaining diversity in tIle landscape is foreseen.

I



Intcoduction 5

For several years, European forestry interests have, in general, been over
shadowed by agricultural policies; forestry has thus been a matter of rela
tively minor concern. Recently, there have been some changes in agricul
tural policies, and the role of forestry has increased. Moreover, large areas
of the European forests are subject to serious damage from pollution, fire,
disease, and storms. They have been under strong pressure from environ
mental changes, particularly with regard to the quality of the air. Since the
early 1980s, several alarming reports have been released, and the studies
have generated major concerns within industry, governments, international
organizations, and society in general.

Forest decline is a common phenomenon in Europe. Currently, about 20
percent of the growing stock of Europe's forests is in some state of decline.
Bearing in mind the current situation and the growth of forest decline, the
Ninth World Forestry Congress appealed to all people and nations to recog
nize the importance of forest resources for the biosphere and the survival of
humanity. The SILVA International Conference on Trees and Forests, held
in Paris in 1986, concluded that policymakers have a responsibility to for
mulate policies for the sound management of the forest resource as a vital
component of the biosphere. Individual governments have already adopted
measures based on international agreements against forest decline, includ
ing restoration. However, the measures taken so far will not be effective
in avoiding serious forest decline in Europe in the future (see, for example,
InterAction Council, 1989).

When formulating comprehensive forest policies throughout Europe, for
est decline must be taken into consideration. Forest policies must be nation
ally or regionally based, because quite different natural conditions for forest
growth exist from country to country throughout the Continent. Recently,
the Food and Agriculture Organization (FAD) of the United Nations (FAD,
1988) and the Commission of the European Communities (CEC, 1988a and
1988b) published the forest policies of many countries in Europe. Nilsson
(1989b) aggregated the individual national policies expressed in these three
publications, and although the aggregation is rough it does indicate how dif
ferent policy issues vary in importance throughout Europe (see Table 1.1).

A comprehensive quantitative forest-resource assessment should be un
dertaken as a basis for developing forest policies in Europe. However, it is
not possible to do this in one comprehensive study mainly because there is
a lack of basic data (see Nilsson, 1989b). Among the issues shown in Table
1.1, the only aspects which could be dealt with satisfactorily today are:
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Table 1.1. Overview of forest-policy issues in Europe.

Number of countries
Policy issues

Sustain yield; increase harvest; improve growing stock

Better utilization of wood resources (less waste)

Increase productivity; expand forest area;
transform forests with low productivity;
and transform coppice into high forests

Establish a natural equilibrium; improve the functions
of protection, water supply, and landscape; improve
social values of forestry, amenity, and recreation

Avoid forest decline caused by air pollutants

Improve profitability, economic conditions,
and competitiveness of the forest sector

Produce high-quality and high-value-added timber

Convert marginal agricultural land

Prevent forest fires

Stimulate rural development

Improve structure among private forest owners

Control levels of game animals

Source: Nilsson (1989b).

expressing concern

15

2

8

26

6

16

2

6

6

5

3

2

• The potential wood supply from a biological point of view.
• The potential effects of forest decline caused by air pollutants.
• The potential effects of future expansions of forest land on future wood

supply.

The results presented in this book deal with the long-term potential wood
supply in closed forests from a biological point of view. Because of the lack
of basic information, it is not possible to carry out quantitative analyses of
economic wood supply.



Chapter 2

The Forest Study
Timber Assessment

2.1 Introduction

National timber-assessment studies based on dynamic models are well devel
oped in several European countries including Dulgaria, Finland, the former
GDR, Sweden, and the United Kingdom (see Evju, 1979). However, con
sistent and dynamic timber assessments for all of Europe are sparse. The
existing comprehensive studies are not based on formal quantitative mod
els. The ECE Timber Committee has carried out four European timber
trends studies (ETTS), the first of which was publisbed in 1953 and the
latest in 1986 (UN, 1986). So far, these studies have been based on an ap
proach in wbich the member countries of the organizations are invited to
provide forest-resources forecasts for removals and growing stock based 011

domestic conditions and future plans. The ECE Timber Committee Secre
tariat analyzes the replies and compiles the results in a consistent way. One
advantage of this approach is that knowledge about forest policies in the
individual countries will automatically be built into the analyses.

However, there are several drawbacks to this approach. Different meth
ods are used from country to country in data collection and forecasting.
Some countries use advanced analytical tools, others use simple methods,
while others do not use formal forecasting tools at all. The basic forecasts
for the various cQuntries are produced by different people with a wide range
of reference frames. Therefore, there are bound to be inconsistencies in
the results of these efforts. Countries that use simple forecasting tools, or

7



8 Future Forest Resources of Western and Eastern Europe

no formal tools at all, are usually just projecting historical conditions into
the future. Without formal forecasting tools, countries cannot describe the
dynamic behavior of their forest resources.

Kuusela (1985) presented scenarios of future wood-supply possibilities
in Europe based on analyses of individual countries. While Kuusela did
not use a formal forest-dynamics forecasting model, he has followed the
development of forest resources around Europe for decades and has produced
a consistent set of forecasts based on his own experience and knowledge,
and on published forecasts from various countries. An advantage of this
approach, compared with the ETTS series, is that the analyses have been
carried out by one scientist with a consistent method for all countries. A
potential disadvantage, the implications of which are largely unexplored, is
the possibility for error due to investigator bias or inappropriate methods.

In the IIASA Forest Study, the goal has been to try to simulate the de
velopment of the European forests using a formal dynamic model. When
discussing the choice of model concept, some gen~ral features of forest
resource studies should be explained. One basic distinction is that between
a timber-supply prediction and a timber-assessment study. The former aims
at forecasting probable wood supply, taking into account forest structure
and dynamics as well as timber growers' expected harvest and silvicultural
activities. By timber-assessment analyses, we mean wood-supply scenario
development based on forest structure and dynamics and a wide range of
achievable harvest and silvicultural strategies. Thus, these studies, of which
our timber assessment is an example, should be regarded as illustrating
possibilities in and implications from the present forest state and structure
without aiming at predicting most-probable forest development.

Alig et al. (1984) identified four components oftimber-supply and timber
assessment modeling: land allocation, progression of the timber inventory,
harvest flows, and long-term investments in forest-management strategies.
Changes in land allocation can be incorporated as either restrictions on
activities or results of specific activities. Harvest flows can be regarded as
the outcome of activities for a given period of time in a specific forest state.

A dynamic forest model that recognizes intertemporal dependencies de
mands an explicit description of the forest. This description should encom
pass both the initial conditions (or state) and a means of depicting the dy
namics of the forest. Three components can be distinguished: a forest-state
description, a projection tool, and a set of allowed activities. The state de
velopment is dynamically simulated by the projection tool under the control
of a specific set of activities.

I
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The Forest Study Timber Assessment 9

When classifying forest-projection models, a common distinction is that
between forest and stand models. Many authors refer to their models as
stand models; however, both Brooks (1987) and Binkley (1987) found sur
prisingly little in the literature about approaches suitable for large area anal
ysis. From a technical point of view, there is no sharp distinction between
stand- and forest-level models. The distinction must be made based on the
intended use of the model and on the data used for estimating the model.
From a modeling point of view, a stand can be regarded as a physically
coherent area on which tree development is biologically dependent and in
which the tree community is relatively homogeneous across space. A forest,
however, refers to a heterogeneous region in which there are many (perhaps
thousands) spatial units - for example, stands - that may be considered
biologically independent.

Forest models can be formulated in different ways relating to the basic
entities constituting the forest-state description. The most aggregated way is
to describe the whole forest area under study as one entity described by some
average values for certain parameters (Lonnstedt, 1986). In such cases, the
forest, in principle, takes the form of a macroproduction function. Another
way is to differentiate the forest state explicitly into a number of entities
- stands, age classes, plots, etc. - where the biological developments of the
entities are independent of each other (Bengtsson, 1984; Nilsson, 1982). An
interesting recent development in multientity models is that entities repre
sent not only a forest area but also a specific geographical location. For
example, the PEMU model developed in Berlin represents forests in a grid
system, coupling the development of the forest to a transfer model for air
borne pollutants (Bellmann and Lasch, 1988).

Activities encompassing all external factors affecting forest development
constitute the controlling part of the forest model. The most important
activities are forest-management treatments such as thinning, final felling,
and regeneration. Landbase changes are seldom incorporated, probably ow
ing to the long time horizon of timber-supply projections. Exceptions are, of
course, countries where new areas are afforested with fast-growing species.
A significant problem with respect to forest area is the potential for land
withdrawal from timber production due to the increasing interest in the
non-wood benefits of the forests (UN, 1986).

The degree of sophistication among timber-assessment models can be
quite wide-ranging, as the following list of variables from increasingly more
sophisticated models shows:
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(1) Future growing stock.
(2) Future growing stock and biological-potential harvest levels.
(3) Future growing stock, biological-potential harvest levels, and future dis

tributions of assortments and qualities of wood available.
(4) All of the above plus economically available wood supply.
(5) All of the above plus future flows of non-timber forest benefits, contri

bution to regional development, etc.

The degree of sophistication is heavily dependent on the quantity and
quality of data about forest resources and their uses. Sophisticated models
require detailed, high-quality data. Two major classes of models can be used
in the forecasting of forest resources: simulation and optimization. Exam
ples of advanced simulation models include HUGIN, which was developed
in and for Sweden (Hagglund 1981; Bengtsson, 1984), and that described
in Williams and Gasson (1986) and Williams (1987) for projecting the eco
nomic wood supply in British Columbia, Canada. Examples of optimization
models include TIMBER-RAM in the USA (Navon, 1971) and some dynamic
programming models developed in Finland by Kilkki and Pokolo (1975) and
Kilkki (1982).

2.2 Conditions for a Timber Assessment
for Europe and Data Accessibility

In selecting an appropriate model structure for a European timber assess
ment, actual forest-resource conditions and data availability must be taken
into account. There are large variations and differences among European
countries along several dimensions of forestry. These include:

• The natural potential for forest production.
• Forest-management and silvicultural traditions.
• Economic importance of forest resources.
• Ownership patterns and objectives of owners.

Throughout Europe the environmental and social benefits of forests are
increasing in importance compared with industrial benefits. Unfortunately,
the non-timber benefits of forests are difficult to measure and model quan
titatively. The threats from air pollutants, climate change, and fire may
increase and pose great uncertainties in analyzing forest-resource futures. In
addition, public involvement in setting forest policies is increasing. Along
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with the expected large-scale conversions of agricultural land to forests in
the coming decades, these factors suggest that forestry in the near future
will be characterized by major political complications.

Nevertheless, the most important factor in designing a consistent, dy
namic, timber-assessment model for all of Europe is the availability of forest
resources data. Data quantity, quality, and accessibility must be added to
the list of features of European forestry for which there is large variability
among countries (Table 2.1). In general, most countries collect huge amounts
of data about their forests. However, such data-collection programs are sel
dom driven by a strong link to quantitative dynamic analyses of future forest
resources. These analyses make strong demands on the choice of variables
that need to be measured in the forest, variables that are often different
from those usually measured to obtain a simple static description of cur
rent resources. Timber-assessment analyses require structural variables and
information on site quality and growth rates (for example, data on areas,
growing stocks, and growth rates for different stand types, age classes, and
si te classes).

While some countries have rather well-suited databases for timber
assessment studies (e.g., Finland and Poland), others lack basic infor
mation (e.g., Germany and Luxembourg). In general, there are some
fairly widespread data problems regarding European forests and their
management:

• Insufficient data on young forests and forests made up of uneven-aged
stands.

• Inconsistent definitions of forest land.
• Insufficient information about the dynamics of potential forest land.
• Sparse documentation on silviculture programs.
• Outdated inventories.
• Insufficient economic information about the forests.

Clearly, the only kind of timber assessment that can be carried out for
all Europe in a consistent and dynamic way is one that projects future de
velopment of growing stocks and biological harvest potentials. Thus, at this
stage, it is not possible to undertake Europewide, quantitative assessments
of such aspects as future economic wood supply, future non-timber benefits,
and potential contribution of forests to regional development.

Besides forest-resource data quality and availability, there are other im
portant criteria to take into account in choosing and designing a model
structure:
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Table 2.1. Distribution of basic data used in the study for key forest-
inventory variables in European countries.

Regions Age or Stand-
within diameter Site ing

Country country Owner Species class class volume Growth

Nordic
Finland x x x x x x x
Norway x x x x
Sweden x x x x x x x

EEC-9
Belgium x x (x) x (x)
Denmark x x (x)
France x x x x x x
FRG" x x x
Ireland x x x x
Italy x x x x
Luxembourg x x
Netherlands x x x (x) (x)
UK x x x x x x

Central
Austria x x x x x
Switzerland x x x x x

Southern
Greece x (x) (x) (x)
Portugal x x x x x x
Spain x x (x) x x
Turkey x (x) (x) (x)
Yugoslavia (x) (x) (x) x (x)

Eastern
Bulgaria x x x
CSFR x x x x x
GDR" x x x x
Hungary x x x x x
Poland x x x x x x x
Romania x x x

USSR (Europe) x x x x x x
x = satisfactorily represented in inventory.

(x) = partially represented in inventory.
"Prior to German unification.
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• The model structure must be appropriate for all countries included in
the assessment.

• The model structure must be equally adaptable to both high-quality and
low-quality databases.

• The model must be easy to calibrate and to understand.
• Results from the model must be easy to explain.

These criteria require highly aggregated forest-resources data. In Section
2.3, we describe the model structure chosen for our timber assessment for
Europe.

2.3 Modeling Approaches

The basic demand on a timber-assessment simulation model is that it must
depict the dynamics of the forest under different, exogenously determined,
management regimes. The model must represent forest growth in a proper
way, react to changes in management programs, react to changes in the
environment, and cope with changes in the landbase allocated to forest pro
duction.

Since we are dealing with different forest structures, there is a need for
different model concepts, founded on different assumptions. The two model
concepts we used are the unit area and its characteristics (area-based ap
proach) and the tree and its characteristics (diameter-distribution approach).

2.3.1 Area-based approach

Specific forest types in the study are described by age and standing volume.
A matrix defined by 10 intervals for the volume dimension and 6-15 inter
vals for the age dimension is defined. The forest state is then depicted by
an area distribution over this matrix. Dynamics of volume increment are
expressed as transitions of areas between specific fixed states in the matrix
(Figure 2.1).

Harvest and regeneration activities are introduced through controlled
transitions. Thinnings are expressed as the fraction of the area residing in a
cell of the age-volume matrix that is thinned. This area is moved one step
down in the volume dimension, thus simulating the harvest of the difference
in volume between the cells, whereupon the area grows in a normal way. An
area unit that is clear-cut is moved to a bare-land class, the transitions out of
which are controlled by a "young for'est" coefficient. This coefficient can then
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Figure 2.1. Transitions in the area-based model.

Harvests

be regarded as expressing the intensity and quality of regeneration efforts.
A more extensive discussion of the area-matrix model and its characteristics
is found in Sallnas (1990).

Forest Types

An age-volume matrix is established for every forest type. Here, the concept
of forest type is used for a stratum that can be defined by country, geography,
owner, forest structure (high forest, coppice), site class, and species. The
level of aggregation into forest. types is of course dependent on available data.

I
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The number of forest types used in our study ranges from 2 to 130 for an
individual country. A forest type is distinguished if proper data can be found
to provide the state-descriptive parameters for the forest type. A minimum
demand is that the total area of the forest type must be separable into age
classes for which areas and standing volumes are available.

Estimation of the Growth Model

Three sets of parameters must be estimated or given for the model:

(1) Parameters describing the volume distribution of forest state, such as
area and standing volume, including data about the external changes to
the initial conditions, such as changes in the forest landbase.

(2) Parameters describing the biological dynamics, such as growth and site
quality.

(3) Parameters describing management activities and external factors influ
encing the dynamics.

Volume distribution. The forest-type definitions imply that only figures for
area and standing volume are available at the age-class level. This means
that to be able to use the model, a procedure has to be applied to produce
a distribution of area over volume for each age class. When advancing this
procedure, two assumptions are made:

(1) The standard deviation in relation to the mean volume per hectare for
different areas with similar types of forest is approximately the same.
Values for the coefficient of variation that were available for some coun
tries were extrapolated to other countries.

(2) The variance in volume per hectare increases with age. The relation
between the variance and age must be established.

When the area distribution over volum~ classes is calculated, three vari
ables are used: (a) the mean volume per hectare, (b) the coefficient of vari
ation in volume per hectare, and (c) the correlation between volume per
hectare and age or transformations of age. The calculation is performed in
four steps. Calculate the variance in volume per hectare, using mean volume
per hectare and the coefficient of variation:

8 2 = (mv X cv)2 ,
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where cv is the coefficient of variation, mv is the mean volume per hectare,
and s2 is the variance in volume per hectare. Calculate the conditional
variance given mean age:

where s;'a is the variance in volume per llectare given mean age and T is the
coefficient of correlation between age and volume per hectare. Calculate the
ratio of variance to age, and use this ratio to calculate the variance in each
age class:

k = s;'a/ma .

The variance in age class i is then

s~ = k x mal.

The class limits for the volume classes are calculated using the largest
volume per hectare plus three times the largest standard deviation as the
class limit for the largest volume class. This span is then divided into a
sequence of volume classes of increasing width. The distribution of area over
the volume classes is calculated using the mean deviation and the standard
deviation of volume in each age class and a modified normal distribution.
After analyzing the available data it was decided to use In (age) as a trans
formation of age in the calculations involving the correlation between age
and volume.

Biological dynamics. The percent volume increment is estimated with func
tions of the following type:

al a2
Iv = ao + T + 12 '

where Iv is the five-year volume increment in percent of the standing volume,
T is the total stand age in years, and ao, al, a2 arc coefficients.

The functions are estimated from data on age and percent volume in
crement. The percent volume increment is calculated from data on volume
increment and standing volume (cubic meters per hectare). This means that
each function is associated with a series of standing volume over age. Us
ing this method, a distribution over volume classes is created in the matrix.
Consequently, the mean volume in an age-volume cell will deviate from the
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mean volume series. Accordingly, the percent volume increment will also de
viate from the value given by the function, which means that some correction
must be made. The correction is made according to

(Vm)13
Iva == Ivl X Va '

where Iva is the five-year percent volume increment for actual standing vol
ume, Ivl is the five-year percent volume increment given by the function,
Va is the actual standing volume (cubic meters per hectare), and Vm is
the standing volume (cubic meters per hectare) from the mean volume se
ries. The relationship between the relative standing volume and the relative
volume increment is described by the parameter fJ. From studies of this
relationship in yield tables and data available for this study, the value of the
parameter ranges from 0.25 to 0.45, depending on species, site classification,
and the type of data used to construct the yield tables.

Management activities. Management is controlled in two levels in the model.
First, a basic management program is defined for each forest type. In this
program the activities thinning, final felling, and regeneration are included.
Thinnings are expressed as a percent of growth in each forecast period. This
percentage of growth is then converted in the forecasting model to percentage
of the area in a cell to be thinned. The thinning percentages are extracted
mainly from yield tables and vary with age, species, and site.

Thinning programs can be expressed in the model by the algorithm

At == a + b x (~) d ,

where At is the proportion ofthe volume increment that is thinned, L denotes
the number of the age class, and a, b, c, d are parameters that can be
changed.

The final felling in forests with even-aged stands is performed using stand
age as a criterion for harvest. First, an age is set when final felling can occur.
Then, the felling profile for the age classes above this age limit is defined.
The amount of final felling in each forecast period (usually five years) is
expressed as a proportion of the area in each cell. The following algorithm
is used:

L t Ci At == a + b x (L - c) ,
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where At is the portion of area that will be felled in one forecast period, L is
age class number, c is the first age class where final felling is performed, and
a and b are coefficients. The coefficients a and b vary depending on species,
site class, and other information about silviculture regimes.

The regeneration intensity is expressed by a coefficient controlling the
transition rate from the bare-land class to the ordinary matrix. The values
used range from 0.4 to 0.9 depending on region and species.

These expressions correspond to an ideal management program. If these
programs are applied at an aggregated level, the resulting cutting profiles
over time will be quite uncontrolled, since in many cases the present forest
state does not correspond to ideal management. Therefore, a second level
for defining management programs is introduced. Here, a total harvest level,
differentiated by species groups and type of harvests (e.g., thinning, final
felling), can be prescribed. In each period, the activity structure defined by
the handbook (or ideal) program is shifted upward or downward to meet the
prescribed cutting levels.

2.3.2 Diameter-distribution approach

In the diameter-distribution model, the basic entity on which the description
of the forest is based is the individual tree instead of the forest area. The
state of the forests belonging to a forest type is described by the distribution
of stems over a set of diameter classes. In turn, each diameter class is
associated with a figure for mean volume per stem. Dynamics are introduced
via transitions of stems between the diameter classes (see Figure 2.2). In this
case the different forest types are defined by country, region, owner I forest
structure (e.g., high forest, coppice), and species. The use of site class as
an additional separating variable was not possible because supporting data
were not available.

The estimation of the model is generally quite straightforward. For every
diameter class in the basic data sets, data on number of stems, total volume,
and total growth are available. Thus, the transition probability between two
subsequent classes can be calculated as

gi
Pi,i+l = ,

Vi+l - Vi

where Pi,i+l is the probability for a stem to move from diameter class i to
i + 1, and gi and Vi are the growth and volume per stem, respectively, in
diameter class i.

'I
1

I

I
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Figure 2.2. Structure of the diameter-distribution model.

One major problem in estimating a model of this kind is the lack of
information about regeneration rates. Regeneration in such models must
result from the final felling of one stem in a specific diameter class. Since
regeneration coefficients are crucial to the properties of such a model, we
decided to establish the coefficients in a way that assures stability of model
results. This was accomplished by using coefficients that, together with the
basic transition probabilities and the management program defined, yield
a transition matrix in which the largest eigenvalue equals 1.0. For a more
detailed discussion, see 1I0ullier (1986 and 1989).
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2.3.3 Simple approach

We tried to use the same basic model structures for all countries in Europe.
However, due to data problems this was not possible for some countries.
The forest inventory of Greece and parts of Yugoslavia is described in terms
of diameter-class distributions. Unfortunately, the data encompass only a
narrow range of diameter classes, with no information about corresponding
growth rates and standing volumes. For Turkey, standing-volume informa
tion did not match the reported forest areas. Thus, in these forests, it was
not possible to use either an area-matrix approach or a proper diameter
distribution approach, so tIle analyses were made in a very approximate
way. Potential harvests were determined as a percentage of standing volume
and growth rates as initial growth percentages multiplied by a factor that de
pends on the relations between actual volume and initial volume, according
to the formula

( Vi)'"IVi = IVo V
o

'

where lVi and IVo are growth percentages at time t and 0, respectivelYi
VI and Vo are standing volumes at time t and 0, respectively; and Q is a
coefficient differentiating species groups and countries.

In the simulation runs using this model, two basic objectives were pur
sued: a steady llarvest level over time and an increasing growing stock over
time. As a result, for Greece, Turkey, and Yugoslavia we produced only one
basic simulation (instead of three as for all the other countries) of the future
wood supply as affected by silviculture and timber harvest.

2.4 Forest Structures

Three different forest structures can be distinguished in the forest-resource
data sets: (a) even-aged high forests; (b) uneven-aged high forests; and (c)
coppice. Coppice is regarded here as a forest structure more than a regen
eration form. There are several different forms of coppice; for example, in
the Italian national inventory (Anon, 1988b) four different types are dis
tinguished: simple coppice, composed coppice, coppice with standards, and
transition forest which is an intermediate form between coppice and high
forest.

To model the development of these different structures, the following
basic criteria were used for allocating different forests to the different model
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Table 2.2.

Country

Nordic
Finland
Norway
Sweden

EEC-9
Belgium
Denmark
France
FRG
Ireland
Italy
Luxembourg
Netherlands
UK
Central
Austria
Switzerland

Southern
Greece
Portugal
Spain
'lUrkey
Yugoslavia

Eastern
Bulgaria
CSFR
GDR
Hungary
Poland
Romania

Type of model used in different European countries.

Area Diameter Simple
approach approach approach

x
x
x

x
x
x x
x
x
x x
x
x
x

x
x

x
x

x
x

x x

x
x
x
x
x
x
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concepts. In those rare cases where both a diameter-distribution approach
and an area approach would have been possible, we regard simple coppice as
even-aged forest, consequently modeled with the area approach, while other
coppice types are regarded as uneven-aged forest, and consequently modeled
with the diameter-distribution approach. As noted above, the forests of
certain countries or parts thereof are described in a way that make it more
or less impossible to model a more sophisticated simulation. For these cases,
the so-called simple model has been used. For most countries in Europe,
however, an area-based modeling approach was used (Table 2.2).



Chapter 3

Current Condition of
European Forest Resources

The latest published information about the current forest resources through
out Europe comes from the United Nations (UN, 1985 and 1986). Data for
these publications were gathered from agencies in each participating coun
try during the early 1980s. Thus, the primary forest inventories serving as
a basis for these data are from 1980 at the latest, and many are inventories
collected during the 1960s and the 1970s. The data collected by. the Forest
Study from 1986 to 1989 from various agencies throughout Europe often
reflect updated inventories describing forest-resource conditions in the mid
1980s. To set the stage for later discussions about potential futures for the
forest resources of Europe, under a suite of no-decline and decline scenarios,
we first summarize the current status of the forests, drawing upon both the
UN documents and the Forest Study databases (Table 3.1). There are two
major differences between the UN sources and the Forest Study databases.
The Forest Study looks at exploitable closed forests, but the UN data refer to
all closed forests (Table 3.1). In addition, the Forest Study has obtained and
used very detailed national inventory databases, while the UN documents
aggregate all coniferous species and all nonconiferous species together. A
key similarity, by design, is that the Forest Study has used the same country
aggregations as those used in the UN studies (Figure 3.1).

In the majority of cases, the closed forest areas reported by the UN are
slightly larger than the exploitable closed forest areas in the Forest Study
databases (Table 3.1). This occurs because there are some nonexploitable
forest areas (such as park and protected forests) included in the UN database,

23
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Table 3.1. Current condition of European forest resources.

Closed Exploitable Growing stock Volume
forest closed forest exploitable increment
area area closed forests closed forests
(1,000 ha) (1,000 ha) (m3 /ha) (m3/ha/yr)

Country Source: Source: Source: Source:
Region UNa Forest Study Forest Study UNa

Finland 19,885 19,335 86 3.2
Norway 7,635 5,184 83 2.6
Swedcn 24,400 23,365 101 3.0

Nordic 51,920 47,884 93 3.0

Belgium 600 584 148 7.5
Dcnmark 427 434 141 7.7
France 13,875 13,231 120 4.0
FRG 6,989 7,477 224 5.7
lreland 347 271 102 7.3
Italy 6,363 4,787 154 3.1
Luxembourg 82 34 249 4.1
Netherlands 294 221 103 4.2
UK 2,027 1,924 108 5.6

EEC-9 31,004 28,963 152 4.5

Austria 3,754 2,831 274 6.2
Switzerland 1,124 1,092 364 5.6

Central 4,878 3,923 298 6.0

Greece 2,512 1,947 73 1.8
Portugal 505 1,475 90 4.4
Spain 3,600 (6,906)b 5,605 68 4.3
Thrkey 8,830 15,877 58 2.9
Yugoslavia 9,100 8,028 138 3.5

Southern 24,547 (27,853)b 32,932 82 3.3

Bulgaria 3,800 3,196 106 1.8
CSFR 4,435 4,159 207 5.4
GDR 2,700 2,461 190 5.8
Hungary 1,612 1,503 182 6.1
Poland 8,588 7,938 163 3.4
Romania 5,940 6,207 178 5.5

Eastern 27,075 25,464 168 4.4

Europe 139,424 139,166 122

aUN (1985 and 1986).
bAccording to Spanish inventory data.
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Figure 3.1. Aggregation of countries into regions.

and the Forest Study has in many cases been able to acquire updated in
ventories compared with those on which the UN compilations are based.
Moreover, the ECE Timber Committee Secretariat has, in some cases, had
to estimate forest area for lack of credible data from specific countries. One
exception is the Southern region. In this region, new inventory information
released since the UN compilation shows an increase of the forest landbase
in comparison with the UN data.
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Table 3.2. Distribution of forest areas and growing stock by species groups
and regions.

Coniferous Deciduous Coppice--=-=-------
Growing Growing Growing

Area stock Area stock Area stock
Region (1,000 ha) (m3 /ha) (1,000 ha) (m3 /ha) (1,000 ha) (m3 /ha)
Nordic 44,019 94 3,855 82
EEC-9 13,012 181 10,822 179 5,129 95
CentralG

Southern 12,862 99 7,566 143 12,504 27
Eastern 14,183 185 10,206 158 1,075 97
GThe basic data Cor the Central region do not allow differentiation into types.
Source: Forest Study.

The volume increment figures given in Table 9.1 are those of the UN
rather than those of the Forest Study. The latter were developed to ap
ply over long future periods; those from the UN database rellect current
conditions.

The distribution of growing stocks per unit area across Europe varies:
from a high of 364 cubic meters per hectare in Switzerland to a low of 58
cubic meters per hectare in Turkey (Table 3.1). In general, the countries of
Central Europe have high standing volumes per unit area, mainly because
the age-class structures of the forests in this region are biased with large
proportions of mature and overmature stands.

In the Nordic and Central regions, coniferous species dominate (UN,
1986). Even in the other regions, coniferous areas exceed the deciduous
areas (Table 9.2). It is notable that more than one third of the forests in the
Southern region are of coppice type. Coppice is also important in the EEC-9
region (Table 9.2). Even if large areas of coppice exist, the growing stock per
unit area of this group is much smaller than the growing stocks of coniferous
and deciduous types. In the Nordic and EEC-9 regions, the growing stock
per unit area is roughly the same for both coniferous and deciduous types.
In the Eastern region, the growing stock is higher for coniferous than for
deciduous species, whereas in the Southern region the conditions are the
opposite. We use the term deciduous to refer to nonconiferous, broad-leaved
species of trees in Europe.



Chapter 4

Future Wood Supply as
Affected by Silviculture
and Harvest Levels:
The Basic Scenarios

4.1 Major Assumptions and
Modeling Approach

In this section we outline the major assumptions underlying analyses of
three no-decline scenarios: handbook silviculturej harvest levels according
to European timber trend study (ETTS-IVi UN, 1986)i and Forest Study
estimates of reasonable future silviculture and harvest levels.

For all scenarios, and for each species or group of species in each country
or region within a country, specific silviculture and management programs
are defined. These programs are based mostly on the recommended practices
in each region or country. Where no documentation on silviculture programs
could be obtained, existing yield tables were used to infer silviculture, with
adjustments for existing practices known through unpublished sources. In
any scenario the major component of a silviculture program is harvest, disag
gregated into thinnings and final fellings. Thinnings are defined as harvested
volume as a percentage of current growth for each five-year period. Final
fellings are expressed as harvested percentage of area by age class.

27
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The three basic scenarios, with the assumption of no forest decline, are
intended to show how growing stock and potential wood supply can evolve
under different silviculture programs. Of course, since the silviculture pro
grams in each scenario are expressed mainly as intensities of thinnings and
final cuttings, the potential wood supply under each is different from the
other two.

It is very important to remember that we are projecting biological po
tential wood supplies. In reality several factors can restrict actual harvests,
such as roundwood prices, behavior of forest owners, and restrictions for
non-timber benefits. These factors have not been taken into consideration
in our scenarios.

All the simulations have a time horizon of 100 years, with 1985 as the
starting point. The forest areas presented in Table 9.1 are used in all basic
simulations. This presents a further discrepancy between our results and
those of ETTS-IV, because harvest-level projections given by ETTS-IV ac
tually incorporate some changes in land area. We deal with the issue of a
changing forest landbase in our scenario of future forest-land expansion, the
results of which are presented in Chapter 6.

Three scenarios have been constructed based on the information about
forest resources and silviculture programs provided by our collaborators. The
collaborators have reviewed the results from our fIrst simulations for their
respective countries. Based on their review, we have rerun all the scenarios
to generate the results presented in Section 4.3.

4.1.1 Basic Handbook Scenario

In the scenario we call the Basic Handbook Scenario, the forests of each coun
try are treated strictly in accordance with the silviculture programs that have
been defined as ideal at the stand level. These silvicultural programs have
been developed mainly by government and academic forestry research insti
tutions, and have been published in textbooks, manuals, and guidebooks.
Handbook silviculture means the ideal silvicultural programs (i.e., regenera
tion, tending, thinning, rotation) that analysts and researchers claim should
be practiced under normal conditions in the forests of each country. In our
implementation of this scenario, we apply the handbook silviculture rules
strictly, beginning in the first five-year period, regardless of the degree to
which they were actually applied in each country. Results from using this ap
proach show the degree to which the actual forest structure in each country
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matches an "ideal" structure (that is, if ideal silviculture had been applied
for a long time previously), which in turn indicates the degree to which for
est policies incorporating ideal silviculture have been implemented in the
various countries.

4.1.2 Basic ETTS-IV Scenario

In the scenario we refer to as the Basic ETTS-IV Scenario, we have con
strained total wood supply taken from the forests at the levels of the high
ETTS-IV scenarios up to the year 2020 (UN, 1986). The ETTS-IV harvest
level of 2020 is used for the remainder of the simulation period (Le., up to
2085). We use this scenario to explore the forest-dynamics effects of imple
menting the harvest levels of ETTS-IV, which are official estimates from the
contributing countries.

Our approach in this scenario was to implement handbook silviculture
to the extent possible under the harvest constraints imposed. The inability
to implement handbook rotation periods is evident through comparison of
the harvest patterns in the first few periods of the Basic Handbook Scenario
and the Basic ETTS-IV Scenario. The former often results in huge increases
in final cuttings when the large areas of overmature stands, which have been
accumulating in the forests under conditions of not implementing handbook
silviculture for several decades, are rapidly cut. Thus, implementation of
ETTS-IV harvest levels often means letting many forest stands get beyond
handbook rotation age.

4.1.3 Basic Forest Study Scenario

The objective in the scenario we call the Basic Forest Study Scenario is to
strive for consistently high levels of both growing stock and harvest levels
over the simulation horizon of 100 years. Handbook silviculture is imple
mented to the extent possible under these new harvest constraints.

4.2 Guide to the Results

In this book, we focus on simulation results at the regional and country
levels. The five regions (Nordic, EEC-9, Central, Southern, and Eastern)
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are defined according to the UN convention in ETTS-IV (see Figure 9.1).
For each region, and for Europe as a whole, we present one table and three
sets of diagrams. The tables and diagrams convey information from all three
scenarios. Tables 4.1 to 4.6 present selected projection data on growing
stock and annual harvest volumes at the beginning of the simulation and
at specific points during the simulation. These data are also contained in
the diagrams, but are provided in tabular form for convenient numerical
comparison. The growing stock and potential harvest level is expressed in
cubic meters over bark. Bar charts on projected development of annual
growing stock and annual harvest levels for each five-year period are given
for total forests (Figures 4.1, 4.4, 4.7, 4.10, 4.13, 4.16), coniferous forests
(Figures 4.2,4.5,4.8,4.11, 4.14, 4.17), and deciduous (i.e., nonconiferous)
forests (Figures 4.3, 4.6, 4.9, 4.12, 4.15, 4.18). The results for individual
countries are presented in Appendix B.

4.3 Discussion

4.3.1 Nordic region (Table 4.1 and Figures 4.1 to 4.3)

Results for the total forests using the Basic Handbook Scenario indicate that
the forests of the Nordic region do not currently have a structure correspond
ing to an implementation of ideal silviculture programs. This is evident from
the characteristic large pulse in the harvest level in the first five-year period
of the simulation. In applying ideal handbook silviculture immediately, the
move toward a more balanced age-class structure is rapid, but this can only
come with concomitant, unrealistically large harvest levels over some 15-20
years, especially in the first five years. The overall forest age-class structure
is responsible for this phenomenon - the distribution is strongly weighted by
substantial areas of mature and overmature coniferous forest (see Appendix
B for age-class structures for individual Nordic countries: Sweden, Finland,
and Norway), much of which is harvested immediately when handbook sil
viculture is applied.

The Basic ETTS-IV Scenario suggests that there are no forest-structure
constraints on meeting the harvest levels prescribed. Indeed, it shows that
harvests could potentially be even higher, since growing stock climbs steadily
throughout the simulation period. This is confirmed by the Basic Forest



Future Wood Supply: The Basic Scenarios 31

Table 4.1. Selected data on potential harvest and growing stock in the
Nordic region under the basic scenarios.

Basic Basic Basic
Variable Handbook ETIS-IV Forest Study
Total
Growing stock (m3 o.b./ha; yrO-yrlOO) 93-154 93-147 93-147
Fellings (mill. m3 o.b./yr)

Year 1 312.2 123.8 124.4
Year 40 119.3 154.7 158.3
Year 80 166.5 155.4 161.9

Coniferous
Growing stock (m3 o.b./ha; yrO-yrlOO) 94-156 94-154 94-150
Fellings (mill. m3 o.b./yr)

Year 1 289.2 106.2 113.4
Year 40 107.5 141.7 145.3
Year 80 151.8 141.6 147.6

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 82-127 82-66 82-115
Fellings (mill. m3 o.b./Yr)

Year 1 23.0 17.6 11.0
Year 40 11.8 13.0 13.0
Year 80 14.7 13.8 14.3

Study Scenario in which a total of 3 to 6 million cubic meters more per
year is removed over the 100-year period compared with ETTS-IV harvests.
The Basic Forest Study Scenario is based on handbook silviculture but is
adjusted to account for the actual forest structure at the beginning of the
simulation, thus preventing massive harvests in the first periods and keeping
them at realistic levels.

In all three scenarios, both coniferous and deciduous growing stocks in
crease overall, in some cases dramatically, from an average of some 90 cubic
meters per hectare initially to 147 to 154 cubic meters per hectare in 100
years. The strongest growing-stock increases occur in coniferous forests, by
roughly 60 percent (absolute increase of about 55 to 60 cubic meters per
hectare). This development indicates that the structure of Nordic forest re
sources is relatively good - potential harvest levels could be even higher than
the Basic Forest Study Scenario predicts without apparently compromising
long-term sustainability of the harvests and the forest resources.
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Figure 4.1. Projections for total potential harvest and growing stock in
the Nordic region under the basic scenarios.
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Table 4.2. Selected data on potential harvest and growing stock in the
EEC-9 region under the basic scenarios.

Basic Basic Basic
Variable Handbook ETIS-IV Forest Study
Total
Growing stock (m3 o.b./ha; yrO-yrl00) 152-184 152-222 152-185
Fellings (mill. m3 o.b./yr)

Year 1 229.9 102.6 126.9
Year 40 154.2 141.4 157.1
Year 80 161.8 127.9 150.8

Coniferous
Growing stock (m3 o.b./ha; yrO-yrlOO) 181-244 181-264 181-229
Fellings (mill. m3 o.b./yr)

Year 1 112.4 57.9 76.7
Year 40 91.0 92.8 95.4
Year 80 95.1 82.9 95.1

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 179-187 179-262 179-189
Fellings (mill. m3 o.b./yr)

Year 1 70.4 32.0 33.5
Year 40 33.7 33.7 39.9
Year 80 36.0 28.3 35.5

Coppice
Growing stock (m3 o.b./ha; yrO-yrlOO) 95-100 95-137 95-121
Fellings (mill. m3 o.b./yr)

Year 1 47.1 12.7 16.7
Year 40 29.5 14.9 21.8
Year 80 30.7 16.7 20.2

4.3.2 EEC-9 region (Table 4.2 and Figures 4.4 to 4.6)

The EEC-9 region also has an overall discord between the initial structure of
the forest resources and the structure that would have developed if handbook
silviculture had been implemented. This is evident from the early harvest
pulse in the results of the Dasic Handbook Scenario. The overall growing
stock of the region increases with time under this scenario. The ETTS-IV
harvest levels for the entire region are attainable for a while, but not beyond
40 years, especially for deciduous types. In the long term, they must be
reduced somewhat to hold growing stock stable. The Dasic Forest Study
Scenario invokes a more gradual increase in harvest in the near term than
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Figure 4.4. Projections for total potential harvest and growing stock in
the EEC-9 region under the basic scenarios.
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Figure 4.5. Projections for potential harvest and growing stock of conifer
ous forests in the EEC-9 region under the basic scenarios.
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298-342 298-315 298-350

48.2 20.0 23.0
24.7 26.1 25.1
26.5 26.1 25.1

301-343 301-312 301-345

46.6 18.6 21.6
23.0 24.4 23.6
24.6 24.4 23.6

260-334 260-348 260-408

1.6 1.4 1.4
1.7 1.7 1.5
1.9 1.7 1.5

Table 4.3. Selected data on potential harvest and growing stock in the
Central region under the basic scenarios.

Basic Basic Basic
Variable Handbook ETTS-IV Forest Study

Total
Growing stock (m3 o.b.jhaj yrO-yrlOO)
Fellings (mill. m3 o.b.jyr)

Year 1
Year 40
Year 80

Coniferous
Growing stock (m3 o.b.jhaj yrO-yrlOO)
Fellings (mill. m3 o.b.jyr)

Year 1
Year 40
Year 80

Deciduous
Growing stock (m3 o.b.jha; yrO-yrlOO)
Fellings (mill. m3 o.b.jyr)

Year 1
Year 40
Year 80

does the Basic ETTS-IV Scenario, arriving at a higher overall harvest level
in the long term with a similar, stable, high growing stock. More than half of
the coniferous harvest in the EEC-9, which dominates the region's harvest,
comes from final cuttings.

4.3.3 Central region (Table 4.3 and Figures 4.7 to 4.9)

Because a distinction between coniferous and deciduous species has not been
made for the Austrian data, all Austrian forests have been counted as conif
erous for the Central regionj thus deciduous forests in this summary are only
those of Switzerland.

The pattern of harvest-level development in the Central region under
the Basic Handbook Scenario is the same as that of the Nordic and Central
regions. Thus, handbook silviculture has obviously not been implemented
in recent decades. The ETTS-IV harvest levels can certainly be fulfilled
(at least for conifers, which strongly dominate the total harvest), but not
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Figure 4.7. Projections for total potential harvest and growing stock in
the Central region under the basic scenarios.
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Figure 4.8. Projections for potential harvest and growing stock of conifer
ous forests in the Central region under the basic scenarios. Data for Austria
include coniferous and deciduous species.



42 Future Forest Resources of Western and Eastern Europe

CUllings
HANDBOOK SCENARIO

Volume
thousands cu. m. per year DECIDUOUS cu. m. per ha.

4000 SOO

3000
400

300
2000

200

1000
100

0 0
0 I 2 3 4 S 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20

EITS-IV SCENARIO
DECIDUOUS

4000 SOO

3000
400

300
2000

200

1000
100

0 0
0 I 2 3 4 S 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20

FOREST STUDY SCENARIO
DECIDUOUS

4000 SOO

3000
400

300
2000

200

1000
100

0 0
0 I 2 3 4 S 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20

II Final FeUing o Thinning - Standing volume

Figure 4.9. Projections for potential harvest and growing stock of decidu
ous forests in the Central region under the basic scenarios. Only Switzerland.
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Table 4.4. Selected data on potential harvest and growing stock in the
Southern region under the basic scenarios.

Basic Basic Basic
Variable Handbook ETTS-IV Forest Study

Total
Growing stock (m3 o.b./hai yrO-yrlOO) 82-124 82-122 82-127
Fellings (mill. m3 o.b./yr)

Year 1 77.8 71.4 69.8
Year 40 76.7 82.5 77.5
Year 80 84.5 84.0 83.0

Coniferous
Growing stock (m3 o.b./hai yrO-yrlOO) 99-159 99-158 99-164
Fellings (mill. m3 o.b./yr)

Year 1 29.0 32.0 28.4
Year 40 31.6 31.9 32.2
Year 80 36.5 36.5 35.6

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 143-219 143-214 143-222
Fellings (mill. m3 o.b./yr)

Year 1 27.2 25.4 25.4
Year 40 28.6 31.3 28.8
Year 80 31.3 30.4 30.9

Coppice
Growing stock (m3 o.b./ha; yrO-yrlOO) 27-28 27-27 27-29
Fellings (mill. m3 o.b.fyr)

Year 1 21.6 14.0 16.0
Year 40 16.5 19.3 16.5
Year 80 16.7 17.1 16.5

without a slowly decreasing growing stock. In the Basic Forest Study Sce
nario, initial harvest levels are kept below those of ETTS-IV I leading to
higher long-term sustainable harvests and fairly steady growing stocks for
both coniferous and deciduous types (although deciduous stock reaches a
higher level). In conifers, the proportion of thinnings in the total harvest is
higher in the Forest Study Scenario than in the Handbook Scenario.

4.3.4 Southern region (Table 4.4 and Figures 4.10 to 4.12)

The analyses for the Southern region unfortunately do not have the same
degree of consistency as the results for the other regions, for several reasons.
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First, because of limitations in the basic inventory data for Spain, the total
forest had to be analyzed using a diameter-distribution model rather than
an area-based model. This must occur despite the fact that many of Spain's
forests are managed on an area basis. Moreover, there are no possibilities to
generate either a Basic Handbook Scenario or an Basic ETTS-IV Scenario.

We have not been able to produce a stable simulation over 100 years
by invoking handbook silviculture, and we have not been able to determine
a credible way of arranging the harvest rules in the diameter classes when
the total harvest is set to ETTS-IV levels. Therefore, we present only one
basic scenario for Spain, the Basic Forest Study Scenario which has a strong
flavor of handbook silviculture. The harvests for Spain (see Appendix B)
register entirely as thinnings. For Greece, Turkey, and parts of Yugoslavia
the situation is somewhat similar. As the inventory databases for these
countries are much simpler than our ideal database, we have had to employ
a rudimentary model structure for the simulations (as discussed in Section
2.3.3). Again, we have invoked only one scenario, the Basic Forest Study
Scenario, which closely resembles implementation of handbook silviculture.

In aggregating the results to the regional level, simulation output from
the Basic Forest Study Scenario for Greece, Spain, and Turkey has been used
for all three scenarios for the region. This causes a smoothing out of the
regional results for the Basic Handbook and the Basic ETTS-IV Scenarios,
especially since Spain and Turkey have large forest landbases. Thus, all three
basic scenarios generate similar results for harvest levels and growing-stock
development for total, coniferous, and deciduous forests. Total harvests
are steady at about 75 million cubic meters per year, and growing stock
increases slightly from about 80 to about 120 cubic meters per hectare. The
apparently low growing stock is strongly influenced by the large areas of
poorly stocked coppice forests. For both coniferous and deciduous types,
the Basic Forest Study Scenario generates a slightly smaller harvest level
than does the Basic ETTS-IV Scenario. However, the Basic Forest Study
Scenario harvests are more even and stable over time, and the growing stock
develops to a slightly higher level. Coniferous growing stock in this scenario
rises from 100 to nearly 160 cubic meters per hectare, and deciduous stock
from 150 to 215 cubic meters per hectare. The total harvest of some 75
million cubic meters per year is made up of about 30 million cubic meters
per year each for coniferous and deciduous species, and roughly 15 million
cubic meters per year for coppices.
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Figure 4.10. Projections for total potential harvest and growing stock in
the Southern region under the basic scenarios.
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Figure 4.12. Projections for potential harvest and growing stock of decid
uous forests in the Southern region, under the basic scenarios.
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Table 4.5. Selected data on potential harvest and growing stock in the
Eastern region under the basic scenarios.

Basic Basic Basic
Variable Handbook ETTS-IV Forest Study
Total
Growing stock (mS o.b./ha; yrO-yrlOO) 169-202 169-246 169-206
Fellings (mill. mS o.b./yr)

Year 1 207.3 93.1 116.2
Year 40 120.9 112.6 129.9
Year 80 130.1 112.5 127.5

Coniferous
Growing stock (mS o.b./ha; yrO-yrlOO) 185-234 185-276 185-235
Fellings (mill. mS o.b./yr)

Year 1 108.1 56.3 68.6
Year 40 73.0 67.3 76.1
Year 80 79.5 67.2 76.1

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 158-174 158-224 158-174
Fellings (mill. mS o.b./yr)

Year 1 92.6 34.4 45.4
Year 40 43.4 42.3 51.0
Year 80 46.7 42.3 48.6

Coppice
Growing stock (mS o.b./ha; yrO-yrlOO) 97-93 97-119 97-130
Fellings (mill. mS o.b./yr)

Year 1 6.6 2.4 2.2
Year 40 4.5 3.0 2.8
Year 80 3.9 3.0 2.8

4.3.5 Eastern region (Table 4.5 and Figures 4.13 to 4.15)

The same general pattern for harvest levels is apparent in the Eastern region
under the Basic Handbook Scenario as in the Nordic, EEC-9, and Central
regions. Thus, the early ha.rvest pulses indicate weak correspondence be
tween initial forest structure and implementation of handbook silviculture,
although the pulse is not extreme in the Eastern region. The ETTS-IV har
vest levels can be met over the whole simulation for deciduous species, but
not for conifers despite a steady increase in growing stock. The Basic For
est Study Scenario manages to increase overall harvests by some 20 percent
over the cumulative levels of the Basic ETTS-IV Scenario and still maintain
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Figure 4.13. Projections for the total potential harvest and growing stock
in the Eastern region under the basic scenarios.
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Figure 4.14. Projections for potential harvest and growing stock of conif
erous forests in the Eastern region under the basic scenarios.
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Figure 4.15. Projections for potential harvest and growing stock of decid
uous forests in the Eastern region under the basic scenarios.
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Table 4.6. Selected data on potential harvest and growing stock in Europe
under the basic scenarios.

Basic Basic Basic
Variable Handbook ETTS-IV Forest Study

Total
Growing stock (m3 o.b./ha; yrO-yrlOO) 122-167 122-180 122-166
Fellings (mill. m3 o.b./yr)

Year 1 875.2 410.9 460.0
Year 40 495.7 517.3 547.9
Year 80 569.5 505.9 548.4

Coniferous
Growing stock (m3 o.b./ha; yrO-yrlOO) 131-190 131-197 131-185
Fellings (mill. m3 o.b./yr)

Year 1 585.1 271.1 308.5
Year 40 326.1 358.3 372.5
Year 80 387.6 352.5 378.0

Deciduous
Growing stock (m3 o.b./haj yrO-yrlOO) 150-184 150-210 150-185
Fellings (mill. m3 o.b./yr)

Year 1 214.8 1l0.7 116.5
Year 40 119.2 121.9 134.3
Year 80 130.6 116.5 130.8

Coppice
Growing stock (m3 o.b./haj yrO-yrlOO) 58-61 58-77 58-72
Fellings (mill. m3 o.b./yr)

Year 1 75.3 29.1 35.0
Year 40 50.4 37.1 41.1
Year 80 51.3 36.9 39.6

growing stocks at reasonably steady and high levels. Most of the harvest in
Eastern Europe is coniferous, with a dominance of final cuttings.

4.3.6 Europe (Table 4.6 and Figures 4.16 to 4.18)

For total Europe (not including the European USSR), there is low correspon
dence between initial forest structure and the implementation of handbook
silviculture. This imbalance results in a strong harvest pulse during the first
periods of the simulation. For Europe as a whole, the potential harvest level
identified by ETTS-IV can be achieved without any reduction of the grow
ing stock over time. With this actual harvest level there will also be a slight
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Figure 4.16. Projections for total potential harvest and growing stock in
Europe under the basic scenarios.
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Figure 4.17. projections for potential harvest and growing stock of conif
erous forests in Europe under the basic scenarios.
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Figure 4.18. Projections for potential harvest and growing stock of decid
uous forests in Europe under the basic scenarios.
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increase of the total growing stock, indicating that the potential harvest lev
els suggested by ETTS-IV can be exceeded. This is confirmed by the Basic
Forest Study Scenario, which identifies a higher potential harvest level in
comparison with the Basic ETTS-IV Scenario. Even if the harvest level in
the Basic Forest Study Scenario is higher than that of the Basic ETTS-IV
Scenario, the development and level of the growing stock will be about the
same in the two scenarios. About two-thirds of the potential harvest in Eu
rope comes from coniferous species. The relative harvest level of coniferous,
deciduous, and coppice types is very stable over the whole simulation period.

4.4 Conclusions

We have summarized the main trends from the simulation results under our
basic scenarios in Table 4.7. We re-emphasize that the Basic Handbook Sce
nario is unrealistic, but it is the best way to discover the degree to which
forest resources have been managed according to the silvicultural prescrip
tions in the forest-management handbooks of each country. We find that the
forest structures of most European countries do not correspond with forest
structures that would have been present under implementation of handbook
silviculture. In fact, for regionally aggregated data, only the Southern re
gion shows good correspondence, but this is partly an artifact of the rough
nature of the analyses for many Southern countries. Country exceptions to
this pattern include the CSFR, the Netherlands, Poland, and the United
Kingdom. For these countries, the forest structures are apparently in line
with handbook silviculture, although our simulations cannot discern whether
handbook silviculture is actually being carried out. In those countries where
implementation of the Basic Handbook Scenario resulted in large early har
vest pulses, the major infractions of handbook silviculture include insufficient
numbers, intensities of thinnings, and final feIlings occurring too late (i.e.,
rotations too long). This indicates to us that, if handbook silviculture can
be considered to be important in maintaining high forest vitality and high
resistance to natural stress, then most countries in Europe are allowing their
forest resources to be in a condition in which they are susceptible to stress
factors, both natural and anthropogenic.

There is no overall pattern to the development of growing stocks in Eu
ropean countries under the Basic Handbook Scenario (Table 4.7). In the
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Table 4.7. Summary of trends in the basic scenarios.

Handbook Scenario ETTS-IV Scenario Forest Study Scenario

Balance or Develop- Able to Develop- Exceed Develop-
sLrudure ment meet ETTS-IV ment ETTS-IV ment

Country with hand- growing harvesL growing harvest growing
Region book silv. sLock level? stock level? sLock

Finland No Increase Yes Stable No Increue
Norway No Increase Yea Increase Yea Increue
Sweden No Increase Yes Increue Same Increase

Nordic No Increase Yes Increase Yes Increase

Belgium No Stable No Up, Down Yea Stable
Denmark No Increase Yea Increase Yea Increase
France No Increase No Small decr. No Increase
FRG No Small incr. Yes Increase Yes Stable
Ireland No Decrease No Decrease No Increase
haly No Stable Yes Increase Yes Small incr.
Luxembourg No Decrease No Decrease No Stable
Netherlanda Yea Increase Yes Stable No Increase
UK Yes Increase No Increase No Increase

EEC-9 No Small incr. Yea Small incr. Yea Small incr.

Austria No Increase Yes Decrease No Increase
Swit:l:erland No Stable Yea Increase Yea Small deer.

Central No Stable Yes Small decr. No Stable

Greece" Yea Stable Stable
Portugal No Increase No Increase No Increase
Spain" Yea Large incr. Increase
Turkey" Yea Stable Stable
Yugoslavia No Increase Yea Increase No Increase

Southern" Yea Small incr. Yes Small incr. No Increase

Bulgaria No Stable Yea Increase Yea Small incr.
CSFR Yea Stable Yes Increase Yes Small incr.
GDR Yea Increase No Stable No Small decr.
Hungary No Stable Yea Small decr. No Stable
Poland Yea Stable Yca Small incr. Yes Small incr.
Romania No Small incr. Yea Increase Yea Stable

Eastern No Stable Yea Incrcase Yea Small incr.

Europe No Small incr. Yea Increase Yes Increase

"The approach we needed to analyze the data of Greece, Spain, and Turkey damp out
strong dynamics.

Nordic countries, and those of the Southern region where we could imple
ment the Basic Handbook Scenario, we predict an increase in the develop
ment of growing stock, but in the EEC-9, Central, and Eastern countries
there would be decreases, iflcreases, and stability.

In the Basic ETTS-IV Scenario, we tried to implement the higher vari
ant for harvest from ETTS-IV (UN, 1986), even beyond 2020 (the harvest
projection horizon in ETTS-lV).ln Table 4.7, we indicate whether, for each
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Table 4.8. Actual harvests in 1987 according to FAO (1989), expressed in
million cubic meters.

Removals Removals Conver- Harvest Calculated
under bark over bark sion under bark harvest
ace. to ace. to factor in 1987 ace. over bark

Country ETTS-IV ETTS-IV for bark to FAD in 1987

Austria 12.17 14.60 1.20 14.12 16.94
Belgium 2.25 2.50 1.11 3.53 3.92
Bulgaria 4.34 4.94 1.14 4.44 5.06
CSFR 19.32 21.46 1.11 18.68 20.73
Denmark 1.89 2.10 1.11 2.20 2.44
Finland 44.89 51.18 1.14 41.66 47.49
France 32.32 37.60 1.16 40.90 47.44
FRG 32.88 36.16 1.10 33.74 37.11
GDR 9.99 11.47 1.15 10.83 12.45
Greece 2.30 2.70 1.17 2.94 3.44
Hungary 6.16 6.55 1.06 6.71 7.11
Ireland 0.53 0.65 1.23 1.24 1.53
Italy 7.33 7.71 1.05 9.12 9.58
Luxembourga 0.29 0.33 1.14
Netherlands 0.91 1.09 1.20 1.16 1.39
Norway 9.22 10.28 1.12 10.54 11.80
Poland 20.74 24.26 1.17 23.31 27.27
Portugal 8.42 10.29 1.22 9.42 11.49
Romania 18.42 20.07 1.09 24.63 26.85
Spain 10.57 13.21 1.25 17.54 21.93
Sweden 45.89 52.78 1.15 53.37 61.38
Switzerland 4.00 4.40 1.10 4.89 5.38
Turkey 17.52 19.30 1.10 16.17 17.79
UK 3.77 4.30 1.14 5.20 5.93
Yugoslavia 13.47 14.64 1.09 15.98 17.42

Total 329.59 374.57 372.32 423.87
QLuxembourg included in Belgium.

country and region, the ETTS-IV harvest levels for 2020 could be sustained
to the end of our simulation period (an additional 65 years). For regionally
aggregated data, all regions can meet ETTS-IV levels. At a disaggregated
level, many countries can meet the ETTS-IV levels, except for Belgium,
France, Ireland, Luxembourg, United Kingdom, Portugal, and the GDR.
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In the Basic Forest Study Scenario, we have pursued two main objectives
in forest-resource behavior over the simulation period: (a) stable or steadily
increasing harvest levels and (b) stable or steadily increasing growing stock.

There are several classes offorest-resource behavior among countries. For
some, the Basic Forest Study Scenario retreats from ETTS-IV harvest levels
to maintain increasing growing stock (e.g., Finland, Netherlands, Austria,
Portugal, Yugoslavia). In others, even with reduced harvest levels com
pared to ETTS-IV, growing stocks can only be maintained at a stable level
(e.g., Luxembourg, Hungary) or allowed to decrease (e.g., GDR). In many
countries ETTS-IV harvest levels can be exceeded, with growing stocks in
creasing (e.g., Norway, Denmark, Ireland, Italy, United Kingdom, Spain,
Bulgaria, CSFR, and Poland), but in some cases the growing stocks are sta
ble (e.g., Belgium, FRG, Greece, Turkey, and Romania) or even decreasing
(e.g., Switzerland).

The potential harvest levels presented in Tables 4.1 to 4.6 should be
compared with actual harvests. The actual harvest~ for 1987 (Table 4.8)
were calculated from basic information from ETTS-IV and statistics from
FAO (1989). Actual harvest data in Table 4.8 are given in volumes under
bark. To compare these data with the Forest Study scenarios, the volumes
must be calculated for over bark. Conversion factors for the bark calculations
were derived from basic information from ETTS-IV.

The total harvest in 1987 was about 424 million cubic meters. Compared
with the scenarios of potential harvests presented in Tables {1 to 4.6, actual
harvests are seen to be far below the potentials. If the actual harvest is
compared to long-term potentials in the Basic Forest Study Scenario, the
difference is more than 120 million cubic meters per year.

Regional generalizations are dangerous when it comes to projecting
forest-resource behavior in European countries under various silvicultural
assumptions. However, in the long-term over all Europe, we conclude that
the forest-resources situation could improve with respect to biological har
vest potential and growing stocks if more careful silvicultural planning and
implementation were carried out. We caution that our findings relate to bi
ological potentials which cannot be exceeded but can certainly be impeded
due to economic and technical conditions that might prevent implementation
of better silviculture. We also point out that, for the entire simulation pe
riod of 100 years, environmental factors are held constant. A central theme
of our study is that these factors - for example, the air-pollution situation
and climate change - will not remain constant.





Chapter 5

:Future Wood Supply as
Affected by Forest Decline
Attributed to Air
Pollutants: The Decline
Scenarios

5.1 Major Assumptions

Here we present the major assumptions underlying the analysis of three
decline scenarios:

• Adjusted handbook silviculture (Handbook Decline Scenario).
• Harvest levels according to ETTS-IV (ETTS-IV Decline Scenario; UN,

1986).
• Forest Study estimates ofreasonable future silviculture and harvest levels

(Forest Study Decline Scenario).

In generating the input data for the models concerning forest decline
attributed to air pollutants, we have been as quantitative as possible. The
basic concepts used are critical loads and target loads of pollutants. The
process of generating the information required for the decline scenarios has
been described in detail by Nilsson and Posch (1989) and Nilsson (1989a).
Below we give a short summary of this information to provide a general view

61
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Table 5.1. Proportions of each country's forest area in three classes of site
sensitivity to sulfur deposition. Data are percentages of total forest area.

Coniferous forest area Deciduous forest area
Country Low Medium High Low Medium High
Albania 50 50 0 76 24 0
Austria 14 54 32 67 33 0
Belgium 0 100 0 23 73 4
Bulgaria 3 71 26 66 29 5
CSFR 20 45 35 71 29 0
Denmark 68 32 0 83 17 0
Finland 1 10 89 0 7 93
France 37 53 10 79 12 9
FRG 38 49 13 29 71 0
GDR 23 72 5 91 9 0
Greece 88 10 2 63 28 9
Hungary 100 0 0 100 0 0
Iceland 17 42 41 28 21 51
Italy 41 44 15 47 46 7
Luxembourg 0 100 0 47 53 0
Netherlands 79 21 0 100 0 0
Norway 0 11 89 0 9 91
Poland 37 61 2 38 62 0
Portugal 17 48 35 19 80 1
Romania 22 42 36 60 29 11
Spain 78 10 12 59 27 14
Sweden 1 16 83 2 17 81
Switzerland 18 66 16 23 20 57
Turkey 75 23 2 77 22 1
UK 20 15 65 75 12 13
Yugoslavia 24 61 15 36 57 7
USSR 58 24 18 77 16 7

of how forest decline attributed to air pollutants is treated in the decline
scenarios.

Our first task was to calculate the distribution of the forests of each coun-
try over several sensitivity classes with respect to sulfur deposition (Table
5.1). The sensitivity classes are based on the capabilities of forest soils to
buffer against acidification resulting from the deposition of sulfur and ni-
trogen compounds. Highly sensitive sites have low buffering capacity, and
low sensitivity sites have higb buffering capacity. Specific critical loads and
target loads of sulfur and nitrogen depositions have been assigned to the
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Table 5.2. Target loads for sulfur and nitrogen deposition for the site
sensitivity classes used in the forest decline scenarios. Data are grams of
substance per square meter per year.

Coniferous Deciduous
-------,--------:-:-

Substance Low Medium High Low Medium High

Sulfur" 2.0 1.0 0.5 4.0 2.0 1.0
Nitrogenb 1.5 1.0 0.3 2.0 1.2 0.5

QTarget loads set by Chadwick and Kuylenstierna (1988) based on cJiticailoads set by
UN-ECE (1988a).
bTaJget loads fOJ nitrogen are the same as critical loads set by UN-ECE (1988a).

individual sensitivity classes. Schulze et al. (1988) defined the difference
between critical and target loads in the following way:

Critical loads are quantitative estimates of an exposure to one or more pollu
tants, below which significant harmful effects on specified sensitive elements
of the environment do not occur, according to our present knowledge. The
,quantity is different from that of target load - while critical load is not an
inherent property of an ecosystem, the term target load is less restrictive
and also implies other factors, such as economic or emotional considerations.

For now, critical load can be said to mean a "quantitative estimate of the
exposure to one or more pollutants below which significant harmful effects
on specified sensitive elements of the environment do not occur according to
present knowledge" (Nilsson and Grennfeldt, 1988). Target levels are based
on the critical loads and will be developed in the light of possible legal,
technical, ecological, economic, and political concerns. Target levels may be
set lower or higher than the critical loads depending on actual conditions.
The basic idea in setting target levels is that they will form the basis for
negotiating internationally accepted emissions reduction strategies.

The critical loads have been defined by Nilsson and Grennfelt (1988) and
UN-ECE (1988a) and the target loads for sulfur (based on the ECE critical
loads) by Chadwick and Kuylenstierna (1988). In this case the target loads
for sulfur are higher than the associated critical loads. The target loads
used for nitrogen are the same as the critical loads for nitrogen set by the
UN-ECE (1988a). The target loads defined and used in the analyses are
presented in Table 5.2.

The critical deposition rates given for acidity and nitrogen are in agree
ment with Ulrich's conclusions based on balance equations for acidity and
nitrogen in continental Europe (Ulrich, 1988b and 1990). Rosen (1990) has
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analyzed the critical load levels for nitrogen in detail for Sweden. lIe con
cluded that the critical nitrogen nutrient load to managed forests ranged
between 0.2 and 1.0 grams of nitrogen per square meter for each year (de
pending on the sustainability of the ecosystem). This result corresponds well
with the target loads used in this study. By combining the Forest Study
database, described in Section 2.2, and the IIASA RAINS model (Alcamo
et al., 1990), it was possible to estimate the extent of forest area with de
positions exceeding target loads today and in the future. In the input data
for our timber-assessment models, the deposi tion estimates generated by the
RAINS model for year 2000 were used. These deposition estimates are based
on current plans to reduce emissions of S02 and NO x as announced officially
by individual governments (in 1988). Dasic calculations were carried out at
the country level, and for sulfur are presented in Table 5.3. These results
are used as input to our timber-assessment models.

Regionally aggregated results for sulfur show that forest areas with sulfur
depositions exceeding target loads will increase in the Southern region, re
main stable for Eastern region conifers, and decline modestly to significantly
elsewhere (Figure 5.1). Taking Europe as a whole from 1985 to 2000, de
creases in forest area under sulfur depositions exceeding target loads will be
rather small. The same is also valid for nitrogen and OZOne. This means that
in the year 2000, the target loads for sulfur will be exceeded in 74 percent
of all coniferous forests and in 36 percent of all deciduous forests in Europe.
The corresponding figures for nitrogen are 79 percent and 45 percent, re
spectively (see Nilsson, 1991). These results are in line with the results and
conclusions presented by Ulrich (1988a):

The present situation of forest damage has a long history: more than 80
percent of the forest area in Central Europe is already heavily affected, even
if this is not yet rellected in the symptom of crown thinning; and it may
also take decades for the effect of countermeasures to result in significant
changes of the present status of forest stands.

Researchers in Derlin have developed an elaborate analytical tool
(PEMU) for analysis of cause-effect relations concerning air pollution and
forest health (Dellmann et al., 1988j Bellmann and Lasch, 1988). Data used
in the PEMU system are from field observations made since the early 1960s
at a set of test sites along deposition gradients. This analytical tool has
been employed in estimating the decline effects on forests if depositions ex
ceed target loads. So far, the cause-effect relations have been quantified
using PEMU only for sulfur emissions with different background depositions
of nitrogen on pine stands. A spruce decline model is under development
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Total Europe
Coniferous Deciduous
1985 2000 1985 2000

79% 74% 39% 36%

~
EEC-9
Coniferous Deciduous
1985 2000 19852000

88% 76% 34% 24%

Nordic
Coniferous Deciduous
19852000 1985 2000

59% 48% 19% 07%

Eastern
Coniferous Deciduous
19852000 1985 2000

98% 98% 84% 76%

Central
Coniferous Deciduous
1985 2000 1985 2000

98% 93% 50% 46%

Southern
Coniferous Deciduous
1985 2000 19852000

62% 84% 18% 40% SOUTHERN ~

67

Figure 5.1. Percentage of existing forests with depositions exceeding the
target loads for sulfur in different regions of Europe.
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Table 5.4. Definition of decline classes attributed to air pollutants accord
ing to the UN-ECE (1986).

Discoloration class
Defoliation class < 25% 26-60% > 60%
0-10% 0 I II

11-20 to 25% I II II
20-25 to 60% II III III
> 60% III III III
Dead IV IV IV
Decline classes: 0 = Healthy, I = Light, II = Moderate, III = Severe, IV = Dead.

(Thomasius et al., 1989). Preliminary results from the spruce decline model
indicate the same basic results as for pine. The PEMU system is described
in Appendix A.

The link between the PEMU system and the critical/target load classifi
cation generated by the Deijer Institute is the characteristics of the sample
plots employed by the German system. The criterion used for setting the
target load in the German study is the productivity loss age, which means
the age at which growth (increment) starts to decline. The target load in the
German analyses is set in such a way that productivity loss is not allowed
during an undisturbed rotation period. Undisturbed productivity is defined
according to yield tables and as not being influenced by air pollutants. A
comparison between target load set in this way and target loads set by the
Beijer Institute shows a reasonably good correlation. For a further discussion
on the linkage between the two systems, see Nilsson (1991).

Results from PEMU are expressed in terms of a damage cycle and growth
losses. The expression damage cycle needs explanation. The international
criterion used for monitoring forest decline attributed to air pollutants is
loss of foliage (Table 5.4). Different degrees of foliage loss define different
decline classes (UN-ECE, 1986). The damage cycle indicates how many years
a forest stand of a particular sensitivity class stays in different defoliation
classes at a specific rate of pollutant deposition. Based on the PEMU work, it
has been possible to generate some quantitative estimates of damage cycles
for middle-aged coniferous stands (Table 5.5). These results show clearly
that the decline process is more rapid for sites with high sensitivity and
with increasing depositions.

It should be emphasized that the damage cycle in Table 5.5 uses sulfur
deposition as the entry parameter. But the damage cycle is based on the
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Table 5.5. Damage cycles for different depositions of sulfur on middle-aged
coniferous stands. Values are years stands remain in each decline class, and
are based on analyses using the PEMU system.

11
7
2

53
3
2

7
4

p.t.

1
p.t.
p.t.

p.t.
p.t.
p.t.

7
4
3

8
5
1

17
11
4

3
2

p.t.

1
p.t.
p.t.

10
6
4

30
16
9

5
3

p.t.

6
p.t.
p.t.

12
7
5

8
6

65
38
26

13
12
12

12
8
8

30
10
p.t.

70
57

25
20
20

10
7

20
20
20

60
20
10

b

b

b

25
20

25
20

b

50
40

b

Decline classQ Deposition class (g S m- 2 yr- 1)

Sensitivity class 0.5-0.99 1.0-1.99 2.0-3.99 4.0-5.99 6.0-7.99 > 8

0-10%
Low sensitivity
Medium
High

10-25%
Low sensitivity
Medium
High

25-60%
Low sensitivity
Medium
High

> 60%
Low sensitivity
Medium
High

Number of years to death
Low sensitivity
Medium
High

°Decline classes are delimited by defoliation percentages.
bData do not allow any estimate.
p.t. = passed through this decline class.

combined effect of an excess of sulfur and nitrogen. The data in the PEMU
system are based on sample plots where the target loads for both sulfur
and nitrogen are exceeded. However, currently it is not possible to identify
the individual dynamic effects of nitrogen in the damage cycle. Based on
the discussions of the PEMU system in Appendix A it can be concluded
that the damage cycle is probably also valid for sulfur pollution alone at
high deposition rates (depositions above ",15 g S m- 2 yr- l ). Undcr such
conditions the decline effect seems to be dominated by sulfur.

Scnsitivity analyses on the damage cycle were carried out for different
ages, forest-site classes, and species groups. Nilsson and Posch (1989) and
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Table 5.6. Decline classification used in the
CSFR for coniferous stands according to Ma
terna (1988).

Decline class

1
2
3
4
5
6

Percentage of heavily
declining trees in a stand

< 5%
6-30%

31-50%
51-70%
71-100%
Dead

Nilsson (1989a) concluded from these analyses that no significant differences
could be identified for different forest-site classes. However, significant dif
ferences were identified for different age classes and species groups.

There are limited possibilities to validate the damage cycle presented
in Table 5.5 owing to sparse investigations of this type. Researcher in the
CSFR have been collecting field data on air pollution and studying its effect
on forest decline since the 1960s. They have supplied the nASA Forest Study
with two sets of analyses which are in line with the concept of the damage
cycle presented in Table 5.5.

Materna (1988) has summarized the total lifetime of stands in the CSFR
under pollution stress mainly from sulfur with high background deposition
of nitrogen. However, the decline classification in this case is different from
that shown in Table 5.4. The classification criteria used in this case are based
on the percentage of trees with heavy decline in a stand. Heavy decline is
defined as a loss of foliage of 50 percent or more. The actual classification
is presented in Table 5.6.

The corresponding estimate on the number, of years it would take for
complete disintegration of coniferous stands to occur is presented in Table
5.7. The results presented in this table describe an average situation and do
not make any differentiation in sensitivity classes for the forest ecosystems
or for the rate of sulfur deposition. However, the results confirm the length
of the life cycle under stress from air pollutants presented in Table 5.5.

The second set of information on the damage cycle that the IIASA Forest
Study obtained from the CSFR was produced by Ulrich and Cerny (1990).
However, most of the basic field data collection and basic analysis were
carried out by Lesproject in Brandys n.L. (Institute for Forest Management).
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Table 5.7. Number of years for total disintegration of coniferous stands in
the CSFR according to Materna (1988).

101-12081-100
Decline class Age class (years)--=------""---'----------------Species 40-60 61-80

1 Norway spruce 50-70 40-50
Scots pine 60 50

2 Norway spruce 20-50 20-40
Scots pine 40-50 40

3 Norway spruce 15-20 15
Scots pine 20-30 20

4 Norway spruce 5-10 5
Scots pine 10 5

30-40
40

20-40
30

10
20

5
5

30
40

10-25
25

5-10
20

5
5

In this study an attempt was made to take into account the concentration
of air pollutants and some of the ecological conditions. The concentration of
air pollutants is expressed in J.l.g S02 m-3 in the study. However, by using
the RAINS model, it has been possible to translate the concentrations to
depositions of sulfur in g S m- 2 yc 1 • The results are presented in Table
5.8. The basic data stem from conditions with high pollution stress from
sulfur in combination with high background deposition of nitrogen.

Again, there are difficulties in making direct comparisons between the
results from the CSFR with the damage cycle employed by the IIASA Forest
Study (Table 5.5). The general conclusion is, however, that the results from
the CSFR support the damage cycle reported by the Forest Study.

Materna et al. (1989) have illustrated that there is a strong relation
ship between disintegration (lifetime) and S02 concentrations and altitude.
The results demonstrate shorter life spans with higher altitude and higher
S02 concentrations. Unfortunately, this information on life span and alti
tude could not be used by the Forest Study owing to lack of data on the
distribu tion of forests over different altitudes.

The results presented thus far pertain only to coniferous species. Investi
gations of decline effects on deciduous species are more sparse in comparison
with coniferous species. Statistics on the development of the extent of de
cline in individual countries suggest that the damage cycle is much faster for
deciduous species (Nilsso!l, 1989a). This seems to be valid after the decline
process has begun (a loss of foliage of over 10 percent). Until this stage has
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Table 5.8.
effects.

Depositions

Future Forest Resources of Western and Eastern Europe

Relation of air pollution, ecological conditions, and decline

Ecological conditions Decline effects

C 2.5-3.5 g S m- 2 yr- 1 Favorable ecological
conditions.

A >3.5 g S m-2 yr- J

B >3.5 g S m- 2 yr- 1

Exposed locations
above 700 m.

More favorable
ecological conditions
than A.

Exposed locations.

Protected locations.

Expected lifetime 20 years from
start of intensive air pollution.
Decline increases by 1 degree (see
Table 5.6) per 5 years.

Expected lifetime 20-40 years from
start of intensive air pollution.
Decline increases by 1 degree
(Table 5.6) per 5-10 years.

Expected lifetime 40-60 years.
Decline increases by 1 degree
(Table 5.6) per 10-15 years.

Expected lifetime 40-60 years.
Decline increases by 1 degree
(Table 5.6) per 10-15 years.

Expected lifetime 60-80 years.
Decline increases by 1 degree
(Table 5.6) per 15-20 years.

Source: Ulrich and Cerny (1990).

been reached, the length of the damage cycle seems to be the same for both
coniferous and deciduous species.

Hunziker et al. (1988) have made a rather detailed study of the decline
process in Switzerland. They found several differences in the damage cycle
between deciduous species and coniferous species. Two conclusions can be
drawn from these investigations:

• In 'middle-aged and old deciduous stands the damage cycle runs about
twice as fast as in coniferous species.

• In young deciduous stands, the decline is about 1.5 times as fast as in
coniferous stands.

Ulrich (1989) has illustrated that deciduous stands react to the proton
stress with shortened lifetimes for fine roots. Coniferous stands are not under
the same proton stress.

It should be emphasized that the damage cycle employed for the whole
of Europe by the Forest Study is only based on information from continen
tal Europe. No studies of this kind were available from the Northern and
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Southern regions. In reality there are many combinations of deposition mix
tures. It has not been possible to treat all these combinations separately
in the generalization of the decline cycle. The generalization is based on
aggregated and averaged out deposition patterns generated by the RAINS
model (Alcamo et al., 1990).

Growth effects are linked to the loss of foliage (i.e., decline classes). We
have estimated a set of growth effects expressed in relation to undisturbed
growth according to yield tables for differ~nt damage classes (Table 5.9). Our
results for middle-aged (50-year-old) coniferous stands show that growth ef
fects occur only when defoliation exceeds 25 percent (Table 5.9). Sensitivity
analyses show no significant differences among site classes, but there are
strong relations between age classes and growth effects (Nilsson and Posch,
1989). A literature review reveals that there seems to be a consensus that
the growth decline started several years before the damage was visible in
the form of foliage loss (e.g., Kenk, 1987; Anon, 1988a and 1988b; Avemark
and Schopfer, 1988; Rohle, 1988; and Pretzsch, 1989). Researchers agree
that the factors that caused visible damage during the early 1980s in the
forests of continental Europe started to influence growth at least 10 to 20
years earlier. Nilsson and Posch (1989) also found that growth effects are
stronger in deciduous species than they are in coniferous species.

It is important to try to validate the results generated by the PEMU
system concerning the decline and growth effects. Many studies have been
carried out on the relation between loss of foliage and growth losses. Nils
son (1986) made an extensive review of the studies that had been carried
out up to 1985; the major conclusion was that a growth loss in coniferous
species begins to occur when there is a foliage loss of 20 to 25 percent. This
corresponds to the results generated by the PEMU system.

Attebring (1986) used the individual studies from Nilsson's literature
review to carry out a statistical validity test of the different studies. The
results of this test are presented in Table 5.10 in the form of two scenarios
concerning the effects of foliage loss on growth. III general, the results are in
line with the results from the PEMU system; the only difference is that the
PEMU system seems to give higher growth losses in cases where there is a loss
of more than 60 percent. Since 1986 several new studies have been published.
Most of them support the results presented by Attebring [e.g., UN-ECE
(1988b), Lorenz and Eckstein (1988), Kramer (1986), Eichhorn (1986), Kenk
(1987), Schopfer (1986 and 1987), Rohle (1988), Pretzsch (1989), Pretzsch
and Utschig (1989), and Eckmiiller (1988)]. However, these newer studies
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Table 5.9. Relative growth (current annual increment) in middle-aged
coniferous stands in the different decline classes with different sulfur depo-
sition. The relative growth is expressed in relation to undisturbed growth
according to yield tables (= 100).

Decline class Deposition class in g S m- 2 yr- 1

Sensitivity class 0.5-0.99 1.0-1.99 2.0-3.99 4.0-5.99 6.0-7.99 > 8.0
0-10%

Low sensitivity 100 100 100 100
Medium 100 100 100
High 100 100 100

10-25%
Low sensitivity 100 100 100 100
Medium 100 100 100 100 100
IIigh 100 100 100

25-60%
Low sensitivity 67 60 50 63 60
Medium 65 63 58 69 63
High 80 63 67 64 76

> 60%
Low sensitivity 13 25 25 25
Medium 13 13 14 20 19 23
High 13 13 15 15 5 5

Table 5.10. Scenarios on the relationship between damage class (loss of
foliage) and relative growth for coniferous species.

Species
Damage class (loss of foliage)
0-10% 10-25% 25-60% > 60

100
100

Scenario 1
Fir
Spruce

Scenario 2
Fir 100
Spruce 100
Pine 100
Source: Allebring (1986).

100
100

80
90

100

60
70

40
50
60

40
50

25
30
40
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Table 5.11. Increment losses in Norway spruce stands damaged by air
pollution.

Reduction of basal area increment

Decline class A B

I 30-40% 30-35%
II 50-60% 50-60%
III 75-90% 70-90%
IV 75-100% 70-90%

c
5-10%

15-20%

A: Very rapid development of injury, high level of air pollution, unfavorable ecological
conditions.
B: Relatively slow progress of injury mostly due to a high pollution level but favorable
ecological conditions.
C: Very slow development of injury under favorable growth conditions with a low pollution
level.
Source: Materna (1989).

indicate that even a foliage loss of 10 to 25 percent ~ould result in a loss of
increment in sensitive coniferous species.

Materna (1989) has summarized the extensive studies of the last 30 years
on decline and changes in increment in the CSFR. The results are presented
in Table 5.11. The decline classes in Table 5.11 are the same as those pre
sented in Table 5.4. The results shown in the table illustrate the same kind
of relationship between loss of increment and status of vitality, ecological
conditions, and air-pollution load as the PEMU system and employed by
the Forest Study. Ulrich and Cerny (1990) confirm the results presented by
Materna. The newer studies also support the different reactions of increment
to loss of foliage over age. This has been demonstrated by Dong and Kramer
(1988) and Rohle (1988).

Since 1988 growth studies undertaken in the Nordic countries have been
published. These studies are similar to the studies that had been carried
out in continental Europe earlier. Eriksson (1988) has studied extensively
the growth effects on spruce in southern Sweden. The results of this study
indicate that with a foliage loss of 20 to 60 percent average growth loss is
9.4 percent and with 60 to 80 percent foliage loss the average growth loss
increases to 28 percent.

Nojd (1988) investigated conditions in Finland for spruce and pinei the
study is based on material from decline monitoring conducted in 1986 and
1987 and includes more than 5,000 sample trees from the Finnish National
Survey. The growth decline seems to start at a loss of about 20 percent
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foliage, and at this level growth decline is about 10 percent. The loss of
increment at a foliage loss in the range of 25 to 50 percent foliage is about
20 percent. Based on the results of the Nordic studies there seems to be
less growth reduction (at the same level of loss of foliage) in this region in
comparison with continental Europe. We have not been able to obtain a
similar study for the Southern European region. However, we expect the
same pattern of decline in growth as discussed in Table 5.9 in this region.

As emphasized earlier the damage cycles presented in Table 5.5 and the
growth losses presented in Table 5.9 are mainly derived from calculations
on sulfur deposition with high background deposition of nitrogen. But we
know that nitrogen and ozone contribute to tIle decline effect individually
and concurrently (with or without sulfur). lHi.llgren and NasllOlm (1988)
have identified that trees have different ways of responding to an increase in
nitrogen:

• Increased growth.
• Accumulation of nitrogen.
• Discrimination against the uptake of nitrogen.
• Losses of nitrogen.

They conclude that there are no large decreases for nitrogen in forest
ecosystems: "In the long run it is only by balancing input and removal that
excess N in the ecosystem can be prevented." Agren and Bosatta (1988)
support this conclusion. Houdijk (1988), Ellenberg (1985), Nihlgard (1985),
and Andersen (1986) conclude that an increase in the nitrogen supply stimu
lates biomass production, which causes a relative shortage of other nutrients
like magnesium, phosphorus, molybdenum, and boron. The authors also
conclude that an excess of nitrogen deposition may cause a breakdown in
the forest ecosystem. Ulrich (1990) emphasizes that "the nitrogen input by
deposition can overcome the material problems of limited nitrogen supply
on acid soils and thus lead temporarily to an increase in forest increment."

Hofmann et al. (1990) have studied the decline effects of nitrogen depo
sition in eastern Germany (the former GDR). They summarize the results
in the following way:

(1) N deposition up to a critical level leads to a fertilizing effect resulting in
increased growth.

(2) Excess N deposition, especially in poor soils, results in changes in the
relationships of N:K, N:Ca, and N:Mg which may lead to a lack of K,
Ca, and Mg.
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(3) Excess N deposition results in decreased resistance to frost.
(4) Excess N deposition may lead to a release of Al+++ ions and a washing

out of base cations.
(5) With an increase in N deposition the production of fine roots will de

crease. This causes a decrease in the production of mycorrhiza, a result
which has been confirmed by Boxman (1988).

(6) Factors (1) through (7) result in a decrease in vitality and hence decline.
(7) In the decline phase the growth rate decreases and eventually the death

rate increases.

Hofmann et al. (1990) have illustrated the relationship between an in
crease in N deposition and growth rate (Figure 5.2). In the figure N depo
sition is reflected by the concentration of N in the needles, expressed as the
percentage of N of dry needle weight.

The normal percentage of N of dry needle weight for the actual test
stands is 1.4 to 1.5 percent. As seen in Figure 5.2, there will be an increase
of about 30 percent in the volume increment if this amount increases from
1.4 percent to around 1.8 percent. With an N content of 1.8 percent to 2.35
percent the increment shows a plateau value and the instability of the stand
increases. Therefore an N value of 1.8 percent is criticalj when the N content
is above 2.35 percent the decline phase begins.

Hofmann et al. (1990) have also tried to illustrate the capability of the
test stands to carry different loads of N deposition. This is illustrated in
Figure 5.3. The capability of the stand to cope with future loads of nitrogen
depends on the existing sensitivity of the stand to nitrogen and the existing
N load.

If the N value of 1.4 percent is chosen as a starting point, the stand
can carry an excess load of 15 kg of N per year in about 25 years [Figure
5.3(a)]. Figure 5.3(b) shows the results of when the stand is starting at the
critical N value of 1.8 percent and cannot absorb any excess N deposition. To
illustrate the combination effect of sulfur and nitrogen depositions Bellmann
et al. (1990) have extended the PEMU system. They have included the
basic results from Hofmann et al. (1990) concerning the nitrogen effects in
the PEMU system (see Appendix A).

The analysis of the combination effect is carried out for pine stands with
the following characteristics:

• 40-year-old stands.
• Medium nutrient conditions.
• Medium site quality.
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Figure 5.2. Relation between N nutrient conditions, increment, and devel
opment phases. Source: Hofmann et al. (1990).

• Normal rotation period according to yield tables of 100 years.
• Normal N content of dry needle weight of 1.4 percent.
• Average S02 concentration of 1161lg per cubic meters, which corresponds

to 27 g of sulfur per square meter per year.

The results from one test area are presented in Figure 5.4. Simulations
have been carried out for different loads of nitrogen at existing 802 concen
tration (116 Ilg per cubic meter). This is illustrated in Figure 5.4(a). In
Figure 5.4 (b) the S02 concentration has been reduced by 50 percent.

From Figure 5.4 we can conclude that when there is no reduction in S de
position the decline impact is dominated by nitrogen. In this case the stand
is completely disintegrated after about 18 years, irrespective of the different
N depositions studied. It can also be seen that nitrogen compensates for the
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(a)

Growth rate, m3/ha (Stem volume)

19.2 8OKN/ha

14.4

9.6

4.8

o
13 25

Years
36 48 60

(b)

Growth rate, m3/ha (Stem volume)

19.2 8OKN/ha

'-- 40KN/ha
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o
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36 48 60

Figure 5.4. Long-term eJTects of diJTerent N depositions under (a) an actual
S load of 116 jjg per cubic meter, and (b) a 50 percent reduction of the S
load. Source: Bellmann et al. (1990).
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decline effect of S during the enrichment and saturation phases of nitrogen.
During the decline phase (see Figure 5.2) the individual damage effects of S
and N will be synergetic. This last conclusion can be drawn by comparing
Figure Ll(a) and Figure 5.4(b).

From Figure 5.4 (b) it can be seen that at a load of 20 to 40 kg of N
per hectare per year, the S depositions have to be reduced by 50 percent
to achieve a complete rotation period for the stands. At higher loads of N
the stands will only live 20 to 25 years with a 50 percent reduction of S
depositions. In this case the decline pattern is dominated by the N load. At
a load above 20 kg of N per hectare, the lifetime of the stands depends on
how much the S deposition is reduced.

The simulations from the other five test areas show similar results. Some
findings from these simulations are important with regard to the damage
cycle (Table 5.5) and growth decline (Table 5.9) used by the IIASA Forest
Study. The findings are:

• During the enrichment and saturation phases for N deposition, nitrogen
compensates the decline effects of sulfur.

• During the decline phase for nitrogen the individual damage effects of
sulfur and nitrogen will be synergetic.

• Under certain conditions the decline effects of nitrogen dominate the
effects of sulfur.

As a result of the compensation effect of nitrogen during the enrichment
and saturation phases there could be a risk of overestimating the decline
effects shown in Tables 5.5 and 5.9. However this is not the case here
because at the test sites used for compiling the basic data for the PEMU
system, there was a parallel build up of Nand S depositions over time
(see background data in Appendix A). This means that the compensation
effects of nitrogen during the enrichment and saturation phases are taken
into account in the construction of the damage cycle for sulfur in Table 5.S
and for the growth losses in Table 5.9.

It was previously mentioned that during the decline phase for nitrogen
the individual damage effects of sulfur and nitrogen will be synergetic. By
studying the basic data for the test sites in Appendix A and the target loads
for nitrogen (Table 5.2) it can be seen that not all test sites employed by
the PEMU system have reached the decline phase for nitrogen. Therefore,
the damage cycle takes into account those cases where the target loads are
exceeded for both nitrogen and sulfur. Under certain conditions the decline
effects of nitrogen dominate the decline effects of sulfur. It has not been
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possible to take this into account in Tables 5.5 and 5.9, which means that
the real decline effects are probably underestimated.

As illustrated in Figure 5.1 and listed in Table 5.12, by the year 2000
most of the European forests will to a large extent experience depositions of
sulfur and nitrogen exceeding the target loads. The situation is even worse
if the effects of future ozone concentrations are taken into account. The
critical load for ozone concentrations for a whole vegetation period is set at
50 Jlg per cubic meter (see Nilsson 1989a). Grennfelt et al. (1988) present
percentiles of the ozone concentrations during the vegetation period of 1986.
The actual ozone concentrations frequently exceeded the critical load for
most of Europe, and are expected to increase in the future (for example, see
Nilsson, 1988). The conclusion drawn from this is that ozone concentrations
frequently exceeding critical loads will cause damage to the forest canopy
and slow down growth (see literature review by Nilsson, 1988).

Two conclusions can be drawn from the results presented in Tables 5.3
and 5.12. First, it can be seen that existing international agreements on
reductions of emissions will not be effective; it is unlikely that the situation
will improve very much for the European forest resources up to the years
2000 to 2005. New abatement policies must be developed and implemented
immediately. Second, the damage cycle and growth effects used as input for
modeling the decline component in our timber-assessment models will, in
reality, probably occur much faster. The reason for the acceleration in this
process is because the critical or target loads for sulfur, nitrogen, and ozone
are all exceeded. The total combined effect of this on the damage cycle and
growth has not been taken into account in the timber-assessment model and
the decline scenarios.

To mitigate the negative effects of the decline process in forests, some
silvicultural measures can be taken. The objectives of such silvicultural
measures are to increase stand vitality, delay the decline process, and save
commercial wood. Examples of such measures are intensified thinning, short
ened rotation periods, and changed species composition. Several research
organizations have been engaged by the Forest Study to formulate explicit
silvicultural responses to the decline [see Nilsson and Posch (1989) for de
tails]. The responses documented by the organizations are based on decline
patterns caused mainly by depositions of sulfur. However, by using the loss
of foliage as a link between deposition, decline, and silvicultural responses,
there should be no substantial differences between the silvicultural responses
to decline caused by other pollutants and decline caused by sulfur. Thus,
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100(20) 100(10) 100(10) 100(10) 100(20) 100(10) 100(20)
100(20) 100(10) 100(10) 100(10) 100(20) 100(10) 100(20)
100(10) 100(10) 100(10) 100(20) 100(20) 100(10) 100(20)
100(20) 100(10) 100(10) 100(20) 100(20) 100(10) 100(20)

267(20) 200(20) 200(20)
267(20) 200(20) 200(20)
333(20) 200(20) 200(20)
200(20) 235(20) 267(20)

333(20) 250(20)
333(20) 250(20)
417(20) 250(20)
250(20) 294(20)

Table 5.13. Changed thinning regimes due to decline. The thinning is ex
pressed as thinning percentage of standing volume in relative terms. Thin
ning according to yield tables = 100. Figures in parentheses indicate the
number of years between thinnings within each age class.

Decline classQ Age class (years)
Species 0-20 20-40 40-60 60-80 80-100 100-120 > 120

10-25%
Pine
Spruce/Fir
Beech
Oak

25-60%
Pine
Spruce/Fir
Beech
Oak

> 60%
Pine
Spruce/Fir
Beech
Oak

"Decline classes are delimited by defoliation percentages.

the starting point for describing the quantitative silvicultural responses has
been the decline class (degree of loss of foliage).

New thinning regimes to alleviate forest decline can be conveniently ex
pressed in relative terms with respect to yield tables (Table 5.13). The new
thinning regimes we have adopted in Table 5.13 represent averages from
several Central European countries. In our scheme, the thinning intensity
should be strongly increased with declining stand vitality where defoliation
exceeds 25 percent.

The expected time duration between stand establishment and final felling
periods is expressed as an index compared to 100 for rotation periods in
healthy stands (Table 5.14). The table is valid for stands with a stocking
index of 0.7 to 1.0. For lower densities the cycle is faster. Our scheme for new
rotation periods to reduce forest decline indicates much shorter rotations for
stands with high levels of defoliation. Due to pollutant depositions, soils
are expected to degenerate, resulting in delays in the regeneration of new
stands. The measure we used is the number of years of delay after final
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Table 5.14. Expected time duration before final felling. Data are expressed
in terms relative to yield-table rotations for healthy stands.

Age class (years)
40-60 60-80 80-100 100-120 > 120

Decline classd Site class
Species Low High Low High Low High Low High Low High

10-25%
Pine 100 83 50 75 100 100
Spruce/Fir 100 83 50 75 100 100
Beech 100 83 50 75 100 100
Oak 100 75 50 67 50 50

25-60%
Pine 50 50 50 25
Spruce/Fir 50 50 50 25
Beech 50 50 50 25
Oak 50 50 50 33

> 60%
Pine 25 33 25
Spruce/Fir 25 33 25
Beech 25 33 25
Oak 25 38 17

QDecline classes are delimited by defoliation percentages.

felling until a growing stock of 50 cubic meters per hectare is achieved. Our
scheme for building such delays into the timber-assessment model (Table
5.15) indicates larger regeneration delays for more severe defoliation and for
low site qualities.

This information constitutes the basic platform of input data into the
timber-assessment model concerning forest decline attributed to air pollu
tants. The vitality of the forests in each European country is used as a
starting point for the decline scenarios. As a basis for this, the results
of monitoring the current vitality according to the UN-ECE methodology
(1986) have been employed. Nilsson (1989c) summarized these results on
vitality conditions in 1988 (Tables 5.16 to 5.18). The data can be used as a
starting point for the decline scenarios because the loss of foliage is used both
as the main current vitality criterion and as a key parameter in the quantifi
cation of the effects attributed to air pollutants. The degree of defoliation
also reflects the historical conditions concerning the stress of forests.
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Table 6.16. Delay in regeneration time due to soil degradation caused by
air pollutants.Q

Regeneration delay (years)
Decline cla.ss6 Site class

Species Low High

10-25%
Pine 5 (18) 2 (13)
Spruce/Fir 4 (28) 2 (18)
Beech 2 (28) 1 (21)
Oak 3 (22) 2 (15)

25-60%
Pine 10 5
Spruce/Fir 9 4
Beech 5 2
Oak 6 4

> 60%
Pine 17 10
Spruce/Fir 15 7
Beech 8 3
Oak 11 6

Dead
Pine 27 17
Spruce/Fir 22 12
Beech 12 4
Oak 18 10

QData are expressed in the number of years of delay before a stand on a pollutant
distributed site reaches a growing-stock volume of 50 cubic meters per year, compared
to stands on undisturbed sites (normal time in parentheses).
bDecline classes are delimited by defoliation percentages.

In Tables 5.16 and 5.18, a distinction is made for different amounts
of coniferous needle loss (for a review, see Nilsson, 1986; and Nilsson and
Posch, 1989). In the literature there is an indication that such losses may
only be generated by natural stress factors without any influence from air
pollutants, however. It should be emphasized that even the other decline
classes are affected by natural stress, but air pollutants have undoubtedly
played a crucial role. The corresponding decline information for deciduous
species is present~d in Table 5.17.
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Table 5.16. Extent of slight forest decline in coniferous forests in Europe
with light losses of foliage (loss of foliage of 10 to 20 or 25%). Vitality is
expressed as trees with light losses of foliage as a percent of total number of
monitored trees.
Country 1983 1984 1985 1986 1987 1988

n.a.
18.2
35.4
33.1
43.3
16.6
25.3
15.2

24.3
35.9
24.0
38.9
44.0
14.0
22.5n.a.

29.5
22.8
32.7

29.1
42.3
21.0
14.5
36.7
22.0"

20.3
32.8

18.8
33.4
25.5
33.3

32.0

31.9

n.a.
33.6

33.4

33.2

33.0

24.0

26.7

30.5

Austria
Belgium (Flanders)
Belgium (Walloon)
Bulgaria
CSFR
Denmark
Finland
France (Vosges)
France
FRG'
GDR
Greece
Hungary 1l.3c 15.0c 12.1
Ireland 4.1
Italy (Bolzano) 14.0 7.4 6.7 7.9
Italy (Sardinia) 39.1
Italy (Tuscany) 21.0
Liechtenstein 38.0 38.0 35.0
Luxembourg 9.6 15.9 16.0 15.8 20.8
Netherlands 32.0 37.0 30.3 33.8 24.1
Norway 15.7 16.9 16.4d 18.1 29.5
Poland 5.4c n.a. 33.4
Portugal 4.3
Spain 20.5 21.0 21.9
Sweden n.a. n.a. n.a. n.a. 31.9
Switzerland' 28.0 30.0 36.0 41.0 33.0
UK 34.0· 39.0
Yugoslavia 15.8/ 30.5 28.0
USSR (Lithuania) 43.7 22.0
USSR (Estonia) 43.0
"Results from the joint European survey method were introduced in Denmark in 1987.
bThe upper limit of this class of foliage loss in the Federal Republic of Germany and
Switzerland is 25% and in the other countries 20%.
cExpressed as percentage of standing volume.
dOnly two counties were surveyed in Norway in 1986.
'UK experts argue that only 1987 should be considered even if official reports about the
decline are available since 1984.
IBased on a regional inventory for Slovenia.
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Figure 5.5. Schematic representation of the decline model.

5.2 Decline-modeling Approach

Two basic changes were made to the basic area-modeling concept to take
forest decline into account. First, the basic state description scheme was
expanded by two variables: decline class and sensitivity class. Second,
the transition rates were made changeable over time. The decline model
is schematically depicted in Figure 5.5.

5.2.1 State description

The state description scheme is expanded on two different levels: sensitivity
classes are related to the state of the land or the site and decline classes refer
to the stand of trees. Consequently, the distribution of the forest land over
different sensitivity classes was regarded as a constant pattern, differenti
ated on a country-specific basis. This pattern was, however, separated over
species groups since the target loads differ between these groups. Since there
are no transitions between different species groups in the model, this means
that even if the sensitivity dimension is included in the site description, the
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site can be regarded as stable over time. Three intervals, the definitions of
which differ between coniferous and deciduous types, were used to express
the sensitivity pattern (see Tables 5.1 and 5.2). The forest, in the decline
context, is described not only by the age and the volume but also by the de
cline class. Four classes coinciding with internationally accepted definitions
were used (see UN-ECE, 1986).

At present, there are no data available to correlate decline and sensitivity
of the forests. Consequently, it was assumed that the distribution over de
cline classes is equal in all sensitivity classes. Using this assumption and the
information in Tables 5.19, 5.14, 5.15, 5.16, and 5.18 the initial forest-state
description was enhanced with the new variables.

5.2.2 Transition rates

Transition rates corresponding to volume growth should be related to the
decline-class pattern and to depositions. In addition, new transitions be
tween the decline classes must be implemented in the model. For every
simulation period of five years, a distribution of the forest area of a specific
country over six different deposition classes is calculated. Combined with
the sensitivity structure, the growth-reduction scheme found in Table 5.9,
and the damage cycles in Table 5.5, a new set of transition rates could be
deduced for every forest state and every simulation period. Correspondingly,
the transition rates between decline classes could be calculated.

5.2.3 Management

Management programs were altered in accordance with the data in Tables
5.13, 5.14, and 5.15. Thus, earlier final fellings and higher thinning intensi
ties were carried out with increasing damage class.

5.2.4 Regeneration

Regeneration was assumed to be at a slower rate if the forest area to be
regenerated was found in the higher decline classes at the time of final felling.
Therefore, the coefficients expressing transitions from the bare-land classes
to the ordinary matrices were decreased for areas coming from the higher
decline classes.
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5.2.5 Summary

Our analytical implementation of the effects of air pollutants on forest re
sources is very conservative in two main respects:

• We have calculated decline effects based mainly on sulfur and nitrogen
emissions and effects, without considering the full combination of effects
from other pollutants.

• We assume no emissions of pollutants after 2005.

On the other hand, we have been able to implement only those kinds
of silvicultural and management interventions that are already structured
into our modeling framework, Le., changed thinning regimes and rotations.
Other means of silviculturally mitigating the effects of air pollutants, such
as better matching of regenerated species with sites, genetic improvements
in stock for regeneration, and fertilization, have not been incorporated or
explored. However, considering our basic assumptions about air pollution,
we feel that our overall results with respect to the possible impacts of air
pollution on forest resources and potential wood supplies are conservative.

5.3 Decline Scenarios

All the simulations have a time horizon of 100 years, with 1985 as the starting
point. The forest areas presented in Table 9.1 are used throughout in all
simulations. Although we are illustrating the effects of emissions only up to
the year 2000, we know from the PEMU analyses (Bellmann et al., 1988) that
there are long lag effects of the depositions even if the emissions, contrary to
expectations, should cease by the year 2000. Based on the PEMU analyses,
we have considered the following lag effects in our decline scenarios:

• Full decline effects to the year 2005, after which growth rates will recover
slowly over time.

• Recovery rates in the range of 10 to 40 years, depending on site conditions
and historical deposition rates.

5.3.1 The Handbook Decline Scenario

In the Basic Handbook Scenario, the forests of each country are treated
strictly in accordance with the silviculture programs that have been defined
for each country as ideal under normal conditions. However, to keep the
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vitality of the forest as high as possible, the ideal silviculture programs in
our analyses have to be adjusted. In this scenario, the handbook silvicultural
programs have been used as a platform and adjusted in accordance with
the assumptions presented in Section 5.1 - that is, shorter rotation, higher
thinning intensity, and delayed regeneration in damaged forests. As in the
Basic Handbook Scenario, no restrictions on the total harvest level have been
imposed.

5.3.2 The ETTS-IV Decline Scenario

In the ETTS-IV Decline Scenario, we have followed the same principles as
in the Basic ETTS-IV Scenario. Thus, harvests follow the high ETTS-IV
scenarios, and the harvest levels of the year 2020 are used for the remainder
of the simulation period. However, the silvicultural programs have been
adjusted according to the decline responses discussed earlier.

5.3.3 The Forest Study Decline Scenario

In the Basic Forest Study Scenario, the objective is to strive for consistently
high levels of both growing-stock and harvest levels over the simulation hori
zon. In the decline case, the silviculture programs employed in the basic
scenario have been adjusted as in the other decline scenarios. In most cases
in this scenario, there are no possibilities to achieve the high levels of both
harvests and growing stock for the Basic Scenarios. In cases with conflicts
between these two goals, the primary objective has been to keep the growing
stock at a high and consistent level similar to that of the Basic Forest Study
Scenario through the simulation period. Thus, in these cases, the effect of
the decline will be illustrated by comparing potential harvest results with
those of the Basic Forest Study Scenario.

5.4 Guide to the Results

Again we focus on simulation results at the regional level. For each region,
and for Europe as a whole, we present one table and three sets of dia
grams. Each table and diagram convey information from all three scenarios.
The tables (Tables 5.19 through 5.24) present selected projection data on
growing-stock and annual harvest volumes at the beginning of the simulation
and at specific points in the simulation. These data are also contained in the
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Table 6.19. Selected data on potential harvest and growing stock in the
Nordic region under the decline scenarios.

93-126 93-125 93-140

382.2 123.8 106.8
122.1 153.1 153.6
16Ll 152.6 152.2

94-130 94-132 94-144

357.0 106.2 99.6
1l0.2 141.9 139.8
150.0 141.6 139.7

82-74 82-44 82-87

25.2 17.6 7.2
11.9 11.2 13.8
ILl 11.0 12.5

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO)
Fellings (mill. m3 o.b./yr)

Year 1
Year 40
Year 80

Handbook ETTS-IV Forest Study
Variable Decline Decline Decline
Total
Growing stock (mS o.b./haj yrO-yrlOO)
Fellings (mill. m3 o.b./yr)

Year 1
Year 40
Year 80

Coniferous
Growing stock (mS o.b./haj yrO-yrlOO)
Fellings (mill. mS o.b./yr)

Year 1
Year 40
Year 80

diagrams, but are provided in tabular form for convenient numerical com
parison. Bar charts on projected development of growing-stock and annual
harvest levels for each five-year period are given for total forests (Figures
5.6, 5.9, 5,12, 5.15, 5.18, 5.21), coniferous forests (Fi9ures 5.7, 5.10, 5.19,
5.16, 5.19, 5.22), and deciduous forests (Figures 5.8, 5.11, 5.14, 5.17, 5.20,
5.29). Results for individual countries are presented in Appendix B.

5.5 Discussion

5.5.1 Nordic region (Table 5.19 and Figures 5.6 to 5.8)

In the Basic Handbook Scenario, there was a rather strong harvest pulse
during the first two periods of the simulation. In the Handbook Decline
Scenario, the harvest pulse during the first period is even stronger. However,
for the remainder of the simulation period, the total harvest is roughly the
same in the two scenarios. Total growing stock is lower in the Handbook



Future Wood Supply: The Decline Scenarios 97

Cuttings
mill. cu. m. per year

400

300

200

100

HANDBOOK SCENARIO Volume
cu. m. per ha.

200

150

100

50

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ErrS-IV SCENARIO

400

300

200

100

400

300

200

o

o

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

FOREST STUDY SCENARIO

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

200

150

100

50

200

150

100

mFinal Felling o Thinning - Slanding volume

Figure 5.6. Projections for total potential harvest and growing stock in
the Nordic region under the decline scenarios.
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Figure 5.7. Projections for potential harvest and growing stock of conifer
ous forests in the Nordic region under the decline scenarios.
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Figure 5.8. Projections for potential harvest and growing stock of decidu
ous forests in the Nordic region under the decline scenarios.
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Decline Scenario than it is in the Basic Handbook Scenario throughout the
simulation period.

In the ETTS-IV Decline Scenario, it is possible to keep the same total
harvest level as in the Basic ETTS-IV Scenario during the first 40 years.
After that, the potential harvest level is lower until tIle end of the simulation
period. Growing stock is also lower through the whole period in comparison
with the Basic ETTS-IV Scenario.

In the Forest Study Decline Scenario, growing-stock level and develop
ment is similar to that of the Basic Forest Study Scenario. However, the
potential total harvest level is lower by some 10 million cubic meters per
year throughout the simulation period.

The potential harvest of conifers is more seriously affected by the de
cline, in comparison with the Basic Forest Study Scenario, than the poten
tial harvest of deciduous types. However, it is possible to keep the same
growing-stock level of conifers in the decline case as in the basic scenario.
Concerning deciduous species under decline, the potential harvest level de
creases rather dramatically during the beginning of the simulation period,
but later the potential deciduous harvest is the same in both the Basic For
est Study Scenario and tIle Forest Study Decline Scenario. At the end of
the simulation period, the potential harvest decreases in the Forest Study
Decline Scenario. After about 40 years into the simulation period, the de
ciduous growing stock decreases rather substantially in comparison with the
Basic Forest Study Scenario.

5.5.2 EEC-9 region (Table 5.20 and Figures 5.9 to 5.11)

In the Basic Handbook Scenario, there was a harvest pulse during the first
two periods of the simulation period. In the Handbook Decline Scenario, the
pulse is stronger and longer, covering the first four periods of the simulation.
After the harvest pulse, the potential harvest is lower throughout the simu
lation period in the decline scenario compared with the basic scenario. The
total growing stock is also lower in the decline scenario, with a difference
between the two scenarios of about 20 cubic meters per hectare at the end
of the simulation period.

In the decline situation, it is not possible to reach ETTS-IV harvest lev
els. The potential harvest levels are lower throughout the whole simulation
period. The total growing stock also decreases in the decline situation. The
difference of the growing stock between the two scenarios is about 50 cubic
meters per hectare.
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Table 5.20. Selected data on potential harvest and growing stock in the
EEC-9 region under the decline scenarios.

Handbook ETIS-IV Forest Study
Variable Decline Decline Decline
Total
Growing stock (m3 o.b./lia; yrO-yrlOO) 153-161 153-170 153-190
Fellings (mill. m3 o.b./yr)

Year 1 284.5 101.9 101.0
Year 40 127.6 136.2 129.3
Year 80 137.4 115.7 132.5

Coniferous
Growing stock (m3 o.b./lia; yrO-yrl00) 181-216 181-206 181-234
Fellings (mill. m3 o.b./yr)

Year 1 140.6 57.8 63.2
Year 40 76.7 86.5 81.0
Year 80 81.9 73.3 83.9

Deciduous
Growing stock (m3 o.b./lia; yrO-yrlOO) 179-143 179-156 179-195
Fellings (mill. m3 o.b./yr)

Year 1 93.3 31.9 23.8
Year 40 25.9 33.9 29.3
Year 80 26.7 26.7 29.4

Coppice
Growing stock (m3 o.b./ha; yrO-yrlOO) 97-99 97-131 97-126
Fellings (mill. m3 o.b./yr)

Year 1 50.6 12.2 14.0
Year 40 25.0 15.8 19.0
Year 80 28.8 15.7 19.2

To reach the same growing stock in the Forest Study Decline Scenario as
in the Basic Forest Study Scenario, the total potential harvest level must be
forced down. The total harvest level is lower in the decline scenario through
out the whole simulation period than in the basic scenario. Based on the
Forest Study Decline Scenario, it can be seen that coniferous and deciduous
species are affected in similar ways concerning decreases of potential harvest
levels. The coppice group is only slightly affected by the decline.
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Figure 5.0. Projections for total potential harvest and growing stock in
the EEC-9 region under the decline scenarios.
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Figure 5.10. Projections for potential harvest and growing stock of.conif
erous forests in the EEC-9 region under the decline scenarios.
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uous forests in the EEC-9 region under the decline scenarios.
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Table 5.21. Selected data on potential harvest and growing stock in the
Central region under the decline scenarios.

Variable
Handbook ETTS-IV Forest Study
Decline Decline Decline

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 260-144
Fellings (mill. m3 o.b.fyr)

Year 1 2.1
Year 40 1.7
Year 80 1.2

Coniferous
Growing stock (m3 o.b./haj yrO-yrlOO) 301-221
Fellings (mill. m3 o.b.IYr)

Year 1 53.0
Year 40 21.2
Year 80 18.1

Total
Growing stock (m3 o.b./ha; yrO-yrlOO)
Fellings (mill. m3 o.b.IYr)

Year 1
Year 40
Year 80

298-215

55.1
22.9
19.3

298-179 298-369

20.0 17.3
26.1 19.3
26.2 19.3

301-184 301-372

18.6 16.3
24.4 18.2
24.5 18.2

260-125 260-343

1.4 1.0
1.7 1.1
1.7 1.1

5.5.3 Central region (Table 5.21 and Figures 5.12 to 5.14)

In the Basic Handbook Scenario, there was a harvest pulse during the first
two periods of the simulation. In the Handbook Decline Scenario, decline
leads to a stronger and longer pulse. After some 35 years, the total harvest
level remains lower throughout the simulation period in the decline scenario
in comparison with the basic scenario. The total growing stock is much lower
in the decline scenario, by about 125 cubic meters per hectare at the end of
the period, than in the basic scenario.

It is possible in the decline situation to keep the same harvest level as
those in the Basic ETTS-IV Scenario. However, such a harvest level seriously
harms the development of growing stock in the ETTS-IV Decline Scenario.
At the end of the period, the growing stock will be nearly 150 cubic meters
lower per hectare in the ETTS-IV Decline Scenario than in the Basic ETTS
IV Scenario.

To keep the same growing stock as in the Basic Forest Study Scenario,
the total harvest level has to be strongly reduced in the Forest Study Decline
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Figure 5.12. Projections for total potential harvest and growing stock in
the Central region under the decline scenarios.
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Figure 5.13. Projections for potential harvest and growing stock of conif
erous forests in the Central region under the decline scenarios.
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Figure 5.14. Projections for potential harvest and growing stock of decid
uous forests in the Central region (in Switzerland only) under the decline
scenarios.
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Scenario throughout the simulation period. The total potential harvest level,
averaged over the whole simulation period, is about 5.8 million cubic meters
lower per year in the Forest Study Decline Scenario than in the Basic Forest
Study Scenario.

Coniferous species are most affected by decline from a harvest point of
view. In relative terms, coniferous and deciduous species (in Switzerland
only) are affected to the same extent by the decline. The growing stock of
both coniferous and deciduous types can be kept at the same level in the
basic and decline scenarios.

5.5.4 Southern region (Table 5.22 and Figures 5.15 to 5.17)

For the Southern region, we can compare the Forest Study Decline Scenario
only with the Basic Forest Study Scenario. In addition to a lack of an
appropriate method to deal with the basic inventory data in three southern
countries, there has been no possibility to quantify the effects of forest decline
in Spain. Thus, the effects of forest decline attributed to air pollutants are
underestimated for the Southern region.

In the Southern region, it is possible to reach the same growing-stock
level in the decline situation as in the basic scenario. The potential harvest
level is lower throughout the whole simulation period in the decline scenario.
Coppice and deciduous species seem to be most affected by the decline. With
regard to the development of the growing stock, it is possible to reach the
same level in the decline situation as under the basic conditions for coniferous
and deciduous species. However, for coppice the growing-stock level will be
lower in the decline situation.

5.5.5 Eastern region (Table 5.23 and Figures 5.18 to 5.20)

In the Basic Handbook Scenario, there was a harvest pulse during the first
periods of the simulation followed by an even harvest pattern for the re
mainder of the simulation. In the Handbook Decline Scenario, decline leads
to a stronger harvest pulse during the first period. During the rest of the
simulation, the total harvest decreases continuously, finally reaching a level
about 35 million cubic meters lower per year than in the basic scenario.
The growing-stock level is also lower in the decline scenario throughout the
simulation period.

It is possible in the decline scenario to keep the harvest level identified
in the Basic ETTS·IV Scenario for about 60 years. After that, the total
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Table 5.22. Selected data on potential harvest and growing stock in the
Southern region under the decline scenarios.

Variable
Handbook ETTS-IV Forest Study
Decline Decline Decline

Total
Growing stock (m3 o.b./hai yrO-yr100)
Fellings (mill. m3 o.b./yr) Year 1

Year 40
Year 80

82-119
91.8
73.7
78.5

82-117
69.0
81.1
80.1

82-124
61.2
70.8
76.0

Coniferous
Growing stock (m3 o.b./hai yrO-yrlOO) 99-155
Fellings (mill. m3 o.b./yr)

Year 1 33.8
Year 40 32.8
Year 80 35.1

Deciduous
Growing stock (m3 o.b.fhai yrO-yr100) 143-210
Fellings (mill. m3 o.b./yr)

Year 1 27.2
Year 40 26.3
Year 80 26.9

Coppice
Growing stock (m3 o.b./hai yrO-yrlOO) 27-27
Fellings (mill. m3 o.b./yr)

Year 1 30.8
Year 40 14.6
Year 80 16.5

99-154

32.0
33.0
35.4

143-202

22.8
29.4
27.9

27-26

14.2
18.7
16.8

99-160

26.4
31.8
34.6

143-212

21.8
25.4
27.9

27-32

13.0
13.6
13.5

potential harvest will decrease in the decline scenario for the rest of the
simulation period to a lower level than in the basic scenario. Even with this
harvest level in the decline situation, there will be a strong reduction in the
growjng stock. The difference in the total growing stock at the end of the
period between the basic and the decline scenarios js nearly 100 cubic meters
per hectare.

In the Forest Study Decline Scenario, there are no possibilities to reach
the same growing-stock level as in the Basic Forest Study Scenario. Indeed,
the potential harvest level will also be much lower in the decline situation
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Figure 5.15. Projections for total potential harvest and growing stock in
the Southern region under the dedi,ne scenarios.
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erous forests in the Southern region under the decline scenarios.
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Figure 5.17. Projections for potential harvest and growing stock of decid
uous forests in the Southern region under the decline scenarios.
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Table 5.23. Selected data on potential harvest and growing stock in the
Eastern region under the decline scenarios.

Handbook ETTS-IV Forest Study
Variable Decline Decline Decline
Total
Growing stock (m3 o.b./ha; yrO-yr100) 169-148 169-147 169-200
Fellings (mill. m3 o.b./yr)

Year 1 279.1 92.1 83.2
Year 40 105.9 111.3 94.8
Year 80 95.8 104.8 94.9

Coniferous
Growing stock (m3 o.b./ha; yrO-yr100) 186-171 186-171 185-241
Fellings (mill. m3 o.b./yr)

Year 1 147.6 56.4 50.2
Year 40 70.2 67.6· 56.3
Year 80 60.0 67.3 56.5

Deciduous
Growing stock (mS o.b./ha; yrO-yr100) 156-126 156-122 156-155
Fellings (mill. m3 o.b./yr)

Year 1 122.4 33.6 30.8
Year 40 32.2 40.7 35.8
Year 80 31.5 34.7 35.8

Coppice
Growing stock (mS o.b./haj yrO-yr100) 97-81 97-107 97-125
FeHings (mill. m3 o.b./yr)

Year 1 9.1 2.1 2.2
Year 40 3.5 3.0 2.7
Year 80 4.3 2.8 2.6

over the whole simulation period. The decreased total harvest is about 30
million cubic meters (averaged over the whole simulation period) lower per
year in the decline situation. It is mainly final feIlings that are affected by a
decreasing harvest potential in the decline scenario.

In the Forest Study Decline Scenario, it is not possible to reach the
same growing-stock level for conifers as in the Basic Forest Study Scenario.
Besides the lower growing-stock level, the potential harvest level of conifers
is reduced by nearly 30 million cubic meters per year in the decline scenario.
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Figure 5.18. Projections for total potential harvest and growing stock in
the Eastern region under the decline scenarios.
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Figure 5.19. Projections for potential harvest and growing stock of conif
erous forests in the Eastern region under the decline scenarios.
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Figure 5.20. Projections for potential harvest and growing stock of decid
uous forests in the Eastern region under the decline scenarios.
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Table 5.24. Selected data on potential harvest and growing stock in Europe
under the decline scenarios.

Handbook ETTS-IV Forest Study
Variable Decline Decline Decline
Total
Growing stock (m3 o.b./ha; yrO-yrlOO) 122-138 122-137 122-164
Fellings (mill. m3 o.b.fyr)

Year 1 1092.3 407.6 396.6
Year 40 452.1 510.2 467.8
Year 80 492.4 476.7 475.0

Coniferous
Growing stock (m3 o.b./ha; yrO-yrl00) 131-156 131-154 131-185
Fellings (mill. mS o.b.fyr)

Year 1 720.1 271.1 255.7
Year 40 310.1 353.4 327.1
Year 80 343.7 336.8 332.8

Deciduous
Growing stock (m3 o.b./ha; yrO-yrlOO) 150-145 150-140 150-172
Fellings (mill. m3 o.b./yr)

Year 1 281.5 108.1 84.7
Year 40 98.9 119.3 105.4
Year 80 99.1 104.6 106.9

Coppice
Growing stock (m3 o.b./ha; yrO-yrlOO) 59-59 59-73 59-75
Fellings (mill. m3 o.b.fyr)

Year 1 90.7 28.4 29.2
Year 40 43.1 37.5 35.3
Year 80 49.6 35.3 35.3

5.5.6 Europe (Table 5.24 and Figures 5.21 to 5.23)

Because some results on forest decline in Southern Europe are missing, it
is only meaningful to compare the Basic Forest Study Scenario and the
Forest Study Decline Scenario for all Europe. It should be emphasized that
the decline effects described for total Europe are underestimates owing to
missing quantifications of the decline in Spain. For all Europe, it is nearly
possible to reach the same development and level of the growing stock in the
decline situation as under the basic conditions. However, the total harvest
potential will b~ much lower in the decline situation, by about 80 million
cubic meters per year, than under basic conditions. All species groups are
affected in a similar way by the decline attributed to air pollutants.
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Figure 5.21. Projections for total potential harvest and growing stock in
Europe under the decline scenarios.
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Figure 5.22. Projections for potential harvest and growing stock of conif
erous forests in Europe under the decline scenarios.
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Figure 5.23. Projections for potential harvest and growing stock of decid
uous forests in Europe under the decline scenarios.
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5.6 Conclusions

We have summarized the main trends from the simulation results under
the forest-decline scenarios in Table 5.25. Regarding the Handbook Decline
Scenario, it seems that forest decline attributed to air pollutants results in
greater imbalances, in comparison with the Basic Handbook Scenario, in the
structure of existing forest resources and the actual silvicultural programs.
This results partly from changed silviculturalstrategies for declining forests.
Under decline conditions, thinning intensity is increased, rotation periods
shortened, and other changes are initiated. The overall conclusion based on
the Handbook Decline Scenario is that European countries must formulate
new forest policies to meet the new conditions caused by the decline and to
keep forest resources vital. Even if optimal silviculture is employed in the
decline situation according to the Basic Handbook Scenario, the total poten
tial harvest level and the growing stock are both reduced in comparison with
the Basic Forest Study Scenario. This conclusion is valid for all countries
and regions, as we have found no significant differences in the results for the
handbook silviculture scenarios.

Concerning the ETTS-IV harvest levels, it can be seen that under decline
conditions the total harvest potentials identified in the basic alternative can
not be reached in many countries. However, in some regions (e.g., Nordic
and Central) there are possibilities to reach the basic ETTS-IV levels. How
ever, implementing these harvest levels forces growing-stock levels down in
the decline situation. The growing stocks will be forced down in all coun
tries in the ETTS-IV Decline Scenario compared with the Basic ETTS-IV
Scenario.

Results from the ETTS-IV Decline Scenario confirm our earlier conclu
sion that the decline conditions will force countries to implement new forest
policies to combat the effects of forest decline. The harvest levels identified
by ETTS-IV are based on implementation of current forest policies (not tak
ing forest decline into account) in individual countries. Based on the Forest
Study Decline Scenario, it is evident that the total potential harvest level has
to be forced down in comparison with the basic conditions. This is a result of
the goal in the scenarios to keep growing stocks at a high, nondeclining level.
As discussed earlier (Section 1.3 and Table 1.1), most European countries
have an objective to keep the forest resources at a sustainable level. In this
scenario, we have interpreted sustainability as nondeclining development of
the growing stock.
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In the decline situation, the total potential harvest level is reduced in
comparison with the basic conditions. The most affected regions (in relative
terms) are the Eastern, Central, and EEC-9 regions. However, the absolute
volume effects are also rather large in the Nordic region. These results seem
logical in relation to the deposition patterns, pattern of sensitivities, and
extent of existing forest resources.

In Table 5.26, we compare the projected effects of air pollutants in the
Forest Study with 1988 data analyzed according to the procedures in UN
ECE (1986) and summarized by Nilsson (1989c). The ranking in Table 5.26
for the Forest Study scenarios is based on the difference in average harvest
potential over 100 years compared with the Basic Forest Study Scenario.
The UN-ECE ranking is based on the percentage of the growing stock with
different degrees of losses of foliage.

Some discrepancies can be identified in Table 5.26. We reiterate that we
were unable to calculate any decline effects for Spain in the Forest Study;
therefore, there is an obvious explanation for the ranking of this country.
For Romania and Turkey, there are no 1988 vitality monitoring results.

There is a big discrepancy between the rankings for Greece: a very low
ranking according to the Forest Study and high rankings according to the
UN-ECE monitoring (Nilsson, 1989c). The loss of foliage monitored follow
ing the UN-ECE manual for Greece has been attributed to SUcll causes as
fires, forest grazing, lack of proper management, and prolonged periods of
drought, and not to air pollutants (Nilsson, 1989c).

Another outlier in the ranking is Denmark; Denmark has a medium rank
ing according to the Forest Study and a high ranking according to UN-ECE
monitoring. In the official reports to UN-ECE from Denmark concerning
the monitoring results, it is argued that most of the declining vitality (loss
of foliage) is caused by factors other than air pollutants.

The former GDR has a high ranking according to the Forest Study but
a medium ranking according to the monitoring by the UN-ECE system.
Nilsson (1988) expresses strong doubts about the reported vitality figures
for the GDR. According to other sources, the declining vitality monitored
should be much higher.

Hungary has a lligh ranking according to the Forest Study but a low
ranking according to the UN-ECE monitoring. One explanation for this
discrepancy is that the Forest Study takes into account emissions up to 2000
to 2005 and the UN-ECE monitoring does not. If this is correct, higher
loss of foliage can be expected in Hungary. To some extent this explanation
applies also to Portugal and Austria.
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Chapter 6

The Forest Land Expansion
Scenario

6.1 Major Assumptions

Presently, agricultural policies are under review in many European countries.
Current policy subsidizes overproduction of foodstuffs. Governments do not
want this pattern to continue, so alternative uses of excess agricultural land
are being investigated. These investigations suggest, in general, that about
half of the surplus land should be put under forest cover. In addition, large
areas in Europe with bush vegetation and degenerated forests are available
for afforestation. This land has also been taken into consideration as a
potential for expansion of the forest landbase.

Through our policy-exercise work and other activities, the Forest Study
has worked closely with collaborators throughout Europe, especially the
EEC/CEC head office in Brussels, on this subject. The results were sent to
our collaborators throughout Europe for review in 1989. The collaborators
then reacted to our suggestions on agricultural land conversion, rehabilita
tion of degraded forest, and afforestation of brush cover.

For the Forest Land Expansion Scenario we have implemented changes
in the forest landbase for 19 of the 25 countries in the study for the period
1985 to 2020 (Table 6.1). The increased landbase takes into account only
land which can be fully available for industrial roundwood production and
exploitation. Thus, areas for fast-growing plantations for energy production
are not considered in these land expansions. We have also made explicit
assumptions about which species become established over time on these new
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128 Future Forest Resources of Western and Eastern Europe

Table 6.1. Estimates of future expansions of forest land and species com-
position on the expansions.

Forest Annual Forest
area increase area Species composition

Country in 1985 1985 to 2020 in 2020 Coniferous Deciduous
Region (1,000 hal (1,000 hal (1,000 hal (% of total) (% of total)

Finland 19,335 0 19,355
Norway 5,184 0 5,184
Sweden 23,365 14 23,859 80 20

Nordic 47,884 14 48,398

Belgium 584 3 689 30 70
Denmark 434 6 644 80 20
France 13,231 44 14,771 70 30
FRG 7,477 28 8,457 80 20
Ireland 271 20 971 100 0
Italy 4,787 15 5,312 30 70
Luxembourg 34 0.5 51.5 60 40
Netherlands 221 1.5 273.5 55 45
UK 1,924 33 3,079 80 20

EEC-9 28,963 151 34,248

Austria 2,831 7 3,076 100 0
Switzerland 1,092 12 1,512 58 42

Central 3,923 19 4,588

Greece 1,947 24 2,017 40 60
Portugal 1,475 25 2,350 75 25
Spain 5,605 60 7,705 25 75
Thrkey 15,877 0 15,877
Yugoslavia 8,028 16 8,588 30 70

Southern 32,932 103 36,537

Bulgaria 3,196 2 3,248 80 20
CSFR 4,159 0 4,159
GDR 2,461 0 2,461
Hungary 1,503 7 1,748 25 75
Poland 7,938 28 8,918 80 20
Romania 6,207 0 6,207

Eastern 25,464 37 26,741

Europe 139,166 324 150,512
GNat implemented in the simulations.



The Forest Land Expansion Scenario 129

forest lands (Table 6.1). For these estimates of forest-land expansion, we are
using silviculture and harvest patterns of the Dasic Forest Study Scenario,
we consider this to be the only realistic silvicultural scenario for practical
implementation among the three scenarios we have constructed (see Chap
ter 4 for discussion on the practical problems of the handbook and ETTS-IV
scenarios). We also try to follow the growing-stock development of the Dasic
Forest Study Scenario.

The land-expansion scenario depicted in Table 6.1 is just that - a sce
nario, among many potential and different scenarios, of plausible changes in
the forest landbase of European countries. The estimates are not forecasts
of what will happen, but simply projections of what could happen, devel
oped with the help of numerous collaborators in such a way as to provide
useful input into our modeling framework for analysis. Alternative data and
assumptions about rates of forest-land expansion could easily be explored
using our modeling framework. In this chapter we present the results of one
scenario of plausible changes. We re-emphasize tllat the Forest Land Expan
sion Scenario incorporates no effects of forest decline. Therefore, the results
of the scenario are properly compared with results of the Dasic Forest Study
Scenario.

6.2 Guide to the Results

For each region, and for Europe as a whole, we present data on cuttings
and growing stock under the Forest Land Expansion Scenario (Table 6.2).
Then, we present one figure for each region and one for Europe showing
total, coniferous, and deciduous cuttings and growing stocks under this sce
nario. The results are discussed region by region. Country-specific results
are presented in Appendix D - where, in addition to development of cuttings
and growing stocks, we present coniferous and deciduous age-class structures
as influenced by the increases specified in the forest landbase.

6.3 Discussion

6.3.1 Nordic region (Table 6.2 and Figure 6.1)

The expansion of the forest landbase is expected to be rather limited in the
Nordic region, since only Sweden indicates an increase of the forest landbase
up to year 2020. Therefore the effects on potential harvest are limited. We
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Cuttings TOTAL
Volume

mill. cu. m. per year cu. m. perha.
400 200

300 150

200 100
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0 0
0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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m Final Felling o Thinning - Slanding volume

Figure 6.1. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in the Nordic region under the Forest Land
Expansion Scenario.
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project a slight increase in the total harvest potential after about 25 years.
The expanded landbase occurs mostly in the coniferous forest, because 80
percent of the new land is to be planted with coniferous species.

6.3.2 EEC-9 region (Table 6.2 and Figure 6.2)

The anticipated expansion of the forest landbase to the year 2020 is relatively
large. The expansion generates a strong increase in the potential harvest
level throughout the whole period. At the end of the period, the potential
harvest level is about 40 million cubic meters higher per year than that of
the Basic Forest Study Scenario. Growing-stock development follows that
of the basic scenario. In the Forest Land Expansion Scenario, the harvest
consists of increasing proportions of final feIlings over time.

The development of coniferous species will have a similar development
over time as the development of the aggregated species in the EEC-9 region.
Thus, the potential harvest level of conifers will increase from the beginning
of the simulation period. The potential coniferous harvest level in the For
est Land Expansion Scenario will be about 55 million cubic meters higher
per year than in the Basic Forest Study Scenario. The development of the
coniferous growing stock will not reach as high a level as in tIle Basic Forest
Study Scenario. The extent of coniferous thinnings will increase by about
20 percent in the Forest Land Expansion Scenario.

In comparison with the Basic Forest Study Scenario, the potential har
vest of deciduous species in the Forest Land Expansion Scenario will increase
rather dramatically from the beginning of the simulation period. The po
tential harvest will continue to grow throughout the simulation period, with
about 10 million cubic meters more per year in the Forest Land Expansion
Scenario than in the Basic Forest Study Scenario. The development of the
growing stock of the deciduous species is about the same in the two scenar
ios. The extent of final felling is much higher in the Forest Land Expansion
Scenario.

6.3.3 Central region (Table 6.2 and Figure 6.3)

The estimated increase of the forest landbase up to the year 2020 in the
Central region is rather modest. This is reflected in the scenario results with
a marginal increase in the total potential harvest level starting after about
40 years. The growing-stock development and level will be nearly the same
as in the Basic Forest Study Scenario. However, the increased landbase will
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Figure 6.2. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in the EEC-9 region under the Forest Land
Expansion Scenario.
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Cuttings TOTAL
Volume

mill. cu. m. per year cu. m. per ha.
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Figure 6.3. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in the Central region under the Forest Land
Expansion Scenario.
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generate a smoother development of the growing stock in comparison with
the basic scenario.

The potential deciduous harvest will increase over time in the Forest
Land Expansion Scenario in comparison with the Basic Forest Study Sce
nario. Most of the increased potential will become available at the end of the
simulation period. The development illustrated for deciduous types is only
valid for Switzerland and not the total region; the basic data for Austria do
not allow disaggregation by species groups. The development of conifers is
similar to the development for all species combined.

6.3.4 Southern region (Table 6.2 and Figure 6.4)

The Southern region has the second largest anticipated expansion of the
forest landbase among the regions of Europe. The effect on forest-resource
development is not as strong for each unit area as in the EEC-9 region. At
the end of the simulation period, the total potentiaillarvest is about 7 million
cubic meters higher per year in the Forest Land Expansion Scenario than
in the Basic Forest Study Scenario. This means an increase of the potential
harvest of only about 150 cubic meters for each new hectare cultivated,
calculated at the end of the simulation period. This is quite low compared
with the EEC-9, where the corresponding figure is about 470 cubic meters
per new hectare implemented. The contribution to the potential increased
harvest comes mainly from Portugal and Spain.

The development of the growing stock is nearly the same in the two
scenarios. In the Forest Land Expansion Scenario, the increase of potential
harvest starts after about 40 years and increases over time. Coniferous
growing stock is slightly lower in the Forest Land Expansion Scenario. The
potential harvest of deciduous species has a similar increasing development
visible first after about 50 years. In the Forest Land Expansion Scenario,
the growing stock of deciduous types is definitely lower in comparison with
the growing-stock level in the Basic Forest Study Scenario.

6.3.5 Eastern region (Table 6.2 and Figure 6.5)

Within the Eastern region, expansion of the forest landbase is expected only
in Bulgaria, Hungary, and Poland. In Bulgaria, only a marginal increase of
the existing forest landbase is projected. The modest increase expected in
the forest landbase in the region is reflected in the forest-resource develop
ment with a marginal increase in comparison with the Basic Forest Study
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Figure 6.4. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in the Southern region under the Forest
Land Expansion Scenario.
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Figure 6.5. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in the Eastern region under the Forest
Land Expansion Scenario.
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Scenario of the total potential harvest at the end of the simulation period.
Growing-stock development will be the same in the two scenarios. In the
Forest Land Expansion Scenario, the development of conifers follows the
same pattern as for all species together. Concerning deciduous and coppice
types, the increased landbase will not affect the potential harvest and the
growing stock.

6.3.6 Europe (Table 6.2 and Figure 6.6)

The increased forest landbase across Europe will result in an increased to
tal harvest potential in comparison with the Basic Forest Study Scenario,
starting at the beginning of the simulation period and continuing smoothly
throughout the period. At the end of the simulation period, the total po
tential harvest level in the Forest Land Expansion Scenario is approximately
50 million cubic meters higher per year than that of the Basic Forest Study
Scenario. The level and development of the growing stock are nearly the
same in the two scenarios. The increased harvest potential is accompanied
by an increased proportion of final felIings within the harvest.

In the Forest Land Expansion Scenario, the development of coniferous
species follows closely that of the total aggregated species. This means a
smooth increase of the potential coniferous harvest throughout the wllOle
simulation period and a growing stock which is more or less identical with
the development in the Basic Forest Study Scenario. At the end of the
simulation period, the potential harvest of conifers is higher in the Forest
Land Expansion Scenario by about 40 million cubic meters per year. The
proportion of the harvest in final fellings also increases. The increase in
harvest potential for deciduous species will start in the beginning of the
simulation period and continue gradually. At the end of the simulation
period, the potential harvest level of deciduous types will be nearly 35 million
cubic meters higher for each year. The development of the growing stock
is similar in the two scenarios, but the proportion of the harvest in final
CeIlings also increases. The coppice group is not strongly influenced by the
increased landbase. There is a marginal increase over time oC the potential
harvest in total Europe. The growing stock of coppice will be the same in
the two scenarios.
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Figure 6.6. Projections for potential harvest and growing stock for total,
coniferous, and deciduous forests in Europe under the Forest Land Expansion
Scenario.
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Table 6.3. Summary of trends in the Forest Land Expansion Scenario.
Comparisons are made with the Basic Forest Study Scenario.

Country
Region

Finland
Norway
Sweden

Nordic

Belgium
Denmark
France
FRG
Ireland
Italy
Luxembourg
Netherlands
UK

EEC-9

Austria
Switzerland

Central

Greece
Portugal
Spain
Thrkey
Yugoslavia

Southern

Bulgaria
CSFR
GDR
I1ungary
Poland
Romania

Eastern

Europe

Harvest Potential harvest
pattern level

No expansion of the landbase
No expansion of the landbase
No change Marginal increase
No change Marginal increase

No change Increase
No change Strong increase
Final felling increase Increase
No change Increase
Thinning increase Dramatic increase
Final felling increase Increase
Final felling increase Strong increase
No change Increase
Thinning increase Strong increase
Final felling increase Strong increase

No change Marginal increase
No change Marginal increase
No change Marginal increase

Cannot quantify
No change Increase
No change Increase
No expansion of the landbase
No change Marginal increase
No change Increase

No change Increase
No expansion of the landbase
No expansion of the landbase
No change Increase
No change Increase
No expansion of the landbase
No change Marginal increase

Marginal final Strong increase
felling increase

Growing-stock
development

No change
No change

Lower
Lower
No change
No change
Much lower
No change
No change
Lower
No change
No change

No change
Slight increase
No change

Increase
Slight increase

No change
No change

Lower

Lower
Nearly same

No change

No change
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6.4 Conclusions

141

We have summarized the main trends from the simulation results under
our Forest Land Expansion Scenario in Table 6.9. We re-emphasize that
the extent of the anticipated expansion of the forest landbase in the future
is very unevenly distributed across the individual regions in Europe. The
dominating part of the land expansion will occur in the EEC-9 and Southern
regions. We also reiterate that there have been difficulties to quantify the
effects of the land expansion in an effective way for the Southern region. It
is difficult to handle the effects of land expansion in a controlled manner
using diameter-distribution models. The diameter approach has been fully
employed for Spain and partly employed for Yugoslavia. For Greece there
have been no possibilities to quantify the effects of the land expansion ex
pectedj this is mainly due to problems of data availability. Therefore, effects
of the expansion of the forest landbase are probably underestimated for the
Southern region.

With regard to wood supply, the dominating effects of an expanded forest
landbase are expected to be generated in the EEC-9 region. The second
region of any importance in this respect is the Southern region. The effects
on wood supply in the other regions are only marginal.

With a strong increase of the forest landbase, the average growing stock
for each unit area will, in principle, be lower in comparison with the Basic
Forest Study Scenario. The harvest pattern will also be influenced by a
strong increase of the landbase, with the proportion of final feIlings in most
cases higher than those of the Basic Forest Study Scenario.
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Cllapter 7

Summary of the Seven
Scenarios

We now present a summary of results for the seven scenarios for each region
(Tables 7.1 to 7.6). The summary data are expressed as averages for the
whole simulation period of 100 years. The growth figures relating to the
Forest Land Expansion Scenario are calculated as total production during
100 years divided by 100 and by the forest area at the end of the simulation.
The growth figures would have been as much as 15 percent higher if they
had been calculated as period-weighted averages.

7.1 Nordic Region

The three basic no-decline scenarios for the Nordic region (Table 7.1) give
similar results concerning potential harvest and growth. The decline at
tributed to air pollutants causes a decrease in the total potential harvest of
11 million cubic meters for each year during the 100-year period in compar
ison with the basic analysis. The increased landbase adds 3 million cubic
meters per year to the total potential harvest in comparison with basic con
ditions.

7.2 EEC-9 Region

There are large differences in the results concerning both growth rates and
potential harvest between the different basic scenarios for the EEC-9 region

143
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Table 7.1. Summary of different scenarios for the Nordic region.

3.7
3.7
3.6

158.3
143.9
14.4

3.5
3.5
3.2

144.3
131.7
12.6

3.4
3.5
3.0

149.9
136.1
13.8

3.6
3.6
3.2

155.2
142.1

13.1

3.8
3.8
3.9

Basic Basic Hand- Forest Forest
I1and- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Potential harvest (mill. mS o. b./yrr
Total 153.4 150.8 155.3
Coniferous 139.5 136.0 141.3
Deciduous 13.9 14.8 14.0

Growth (mS o.b.jha/yr)"
Total 3.8 3.7
Coniferous 3.8 3.7
Deciduous 4.0 3.6

Development of growing stock (m S o.b./ha; yrO-yrlOO)
Total 93-154 93-147 93-147 93-125 93-124
Coniferous 94-156 94-154 94-150 94-129 94-132
Deciduous 82-127 82-66 82-115 82-71 82-42

93-139 93-141
94-144 94-145
82-85 82-102

a Average for the simulations over 100 years.

Table 7.2. Summary of different scenarios for the EEC-9 region.

Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETIS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Potential harvest (mill. mS o.b./yr)"
Total 159.3 129.5 150.1 146.5 122.7 126.2 169.1
Coniferous 91.5 82.3 92.0 84.7 77.4 79.6 107.2
Deciduous 37.3 30.8 37.4 32.8 29.9 28.3 41.2
Coppice 30.5 16.4 20.7 29.0 15.4 18.3 20.7

Growth (mS o.b./ha/yr)"
Total 5.2 4.7 5.0 4.6 4.0 4.3 5.1
Coniferous 7.4 6.9 7.3 6.6 6.0 6.4 6.6
Deciduous 4.0 4.1 4.1 3.1 2.9 3.2 4.7
Coppice 3.3 2.2 2.4 3.1 2.0 2.2 2.4

Development of growing stock (m3 o.b./ha; yrO-yrlOO)
Total 152-184 152-222 152-185 152-161 152-170 152-190 152-182
Coniferous 181-244 181-264 181-229 181-216 181-206 181-234 181-213
Deciduous 179-187 179-262 179-189 179-143 179-156 179-195 179-181
Coppice 95-100 95-137 95-121 95-99 95-131 95-126 95-121
a Average for the simulations over 100 years.
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(Table 7.2). The Basic Handbook Scenario gives much higher harvest po
tential and growth rate than the other two basic scenarios. This is a strong
indication of a need to reorganize the structure of the forests, especially in
terms of more intensified silviculture in this region. Also, the harvest level
suggested by ETTS-IV can easily be exceeded if the appropriate policies are
implemented.

The decline attributed to air pollutants forces the total harvest potential
strongly downward. The decrease is 26 million cubic meters per year over 100
years in comparison with unaffected conditions. The increase expected in the
forest landbase will generate a significant increase in the harvest potential.
The total increase is estimated to be 20 million cubic meters for each year
over 100 years. The dominating part of the increase will be in coniferous
species (15 million cubic meters per year).

7.3 Central Region

The three basic scenarios for the Central region (Table 7.9) give similar
results. However, there is an indication that a reorganization of the forest
structure is required. New policies must aim at more intensified silviculture,
as indicated by results from the Basic Handbook Scenario. Forest decline
attributed to air pollutants will reduce the total potential harvest by 5.8
million cubic meters per year during 100 years. The increase of the total
harvest potential in the Forest Land Expansion Scenario is only marginal,
estimated to be about 0.5 million cubic meters per year throughout the
simulation period.

7.4 Southern Region

For the Southern region (Table 7.4) we were able to compare only three
scenarios: the Basic Forest Study Scenario, the Forest Study Decline Sce
nario, and the Forest Land Expansion Scenario. Based on the information
available, we find that the decline attributed to air pollutants will reduce the
total potential harvest by 7.2 million cubic meters per year throughout the
simulation period. The increased landbase will add 5.3 million cubic meters
per year throughout the 100 years to the total potential harvest. This effect
is rather small in comparison with the new area estimated to be added to
the forest landbase.
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Table 7.3. Summary of different scenarios for the Central region.

6.5
6.7
4.8

25.2
23.6

1.6

5.6
5.7
4.3

298-369 298-345
301-372 301-348
260-343 260-319

18.9
17.8

1.1

25.8
24.1

1.7

25.4
23.8
1.6

Basic Basic Hand- Forest Forest
lIand- Basic Forest book ETIS-IV Study Land

Variable book ETIS-IV Study Decline Decline Decline Expansion

Potential harvest {mill. m9 0.6./yrr
Total 26.7 25.8 24.7
Coniferous 25.0 24.1 23.2
Deciduous 1.7 1.7 1.5

Growth {m9 0.6./ha/yrr
Total 7.3 6.8 6.9 5.8 5.5
Coniferous 7.5 6.9 7.0 5.9 5.6
Deciduous 6.2 6.2 6.2 4.1 4.1

Development 0/ growing stock (m9 0.6./ha; yrO-yrJOO)
Total 298-342 298-315 298-350 298-215 298-179
Coniferous 301-343 301-312 301-345 301-221 301-184
Deciduous 260-334 260-348 260-408 260-144 260-125
G Average for the simuliltions over 100 years.

Table 7.4. Summary of different scenarios for the Southern region.

Basic Basic IIand-
Hand- Basic Forest book ETIS-IV

Variable book ETIS-IV Study Decline Decline
Potential harvest (mill. m9 0.6./yr)"
Total 78.3
Coniferous 32.8
Deciduous 29.1
Coppice 16.4

Growth (m9 0.6./ha/yr)"
Total 2.8
Coniferous 3.2
Deciduous 4.6
Coppice 1.3

Development 0/ growing stock (m9 0.6./ha; yrO-yrJOO)
Total 82-127 82-119 82-117
Coniferous 99-164 99-155 99-154
Deciduous 143-222 143-210 143-202
Coppice 27-29 27-27 27-26

Forest6 Forest
Study Land
Decline Expansion

71.1 83.6
31.8 35.7
25.8 31.5
13.5 16.4

2.6 2.8
3.1 3.1
4.1 4.0
1.1 1.3

82-124 82-119
99-160 99-154

143-212 143-184
27-32 27-27

G Average for the simulations over 100 years.
bDecline effects for Spain not included.
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7.5 Eastern Region

Among the basic scenarios for the Eastern region (Table 7.5), the Basic
Handbook Scenario gives the highest total harvest potential and the highest
growth rate. This is an indication that the basic structure of forest resources
should be changed by new policies including more intensive silviculture. The
harvest levels suggested by ETTS-IV can easily be exceeded. The effects of
decline attributed to air pollutants are strong in this region. The decline
will reduce the total harvest potential by 34 million cubic meters per year
throughout the simulation period of 100 years. The effects of the increased
landbase are estimated to be rather marginal, amounting to an additional
harvest potential of only 1.4 million cubic meters per year throughout the
simulation period.

Table 7.5. Summary of different scenarios for the Eastern region.

5.2
5.6
4.8
2.9

169-206
185-236
158-176
97-130

127.4
75.4
49.3

2.7

3.9
4.4
3.3
2.7

91.7
54.5
34.6

2.6

169-200
185-241
158-155
97-125

104.6
64.7
37.1

2.8

123.2
77.4
41.4
4.4

Basic Basic IIand- Forest Forest
lIand- Basic Forest book ETIS-IV Study Land

Variable book ETIS-IV Study Decline Decline Decline Expansion

Potenlial harvest {mill. m S 0.6./yr)'"
Total 130.7 108.5 126.0
Coniferous 78.1 64.6 74.5
Deciduous 48.6 41.0 48.8
Coppice 4.0 2.9 2.7

Growth {mS 0.6/ha/yr)'"
Total 5.4 5.0 5.3 4.6 3.9
Coniferous 6.0 5.5 5.8 5.3 4.4
Deciduous 4.8 4.6 4.8 3.6 3.2
Coppice 3.7 2.9 2.9 3.9 2.7

Development of growing stock (m S 0.6./ha; yrO-yrl00)
Total 169-202 169-239 169-206 169-148 169-147
Coniferous 185-234 185-260 185-235 185-171 185-171
Deciduous 158-174 158-224 158-174 158-126 158-122
Coppice 97-93 97-119 97-130 97-81 97-107
G Average for the simulations over 100 years.
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7.6 Europe

For all Europe (Table 7.6), we were able to compare only the Basic Forest
Study Scenario, the Forest Study Decline Scenario, and the Forest Land Ex
pansion Scenario. The decline scenario is incomplete owing to lack of quan
tification of the decline effects in Spain. However, the available information
illustrates that forest decline attributed to air pollutants will decrease the
total potential harvest in Europe by some 83 million cubic meters per year
calculated as an average for the whole simulation period of 100 years. The
expansion of the forest landbase will increase the total harvest potential in
Europe by 29 million cubic meters per year throughout the simulation pe
riod. The increased harvest potential by land expansion does not account
for any effects of air pollutants on this new forest land.

Table 7.6. Summary of different scenarios for Europe.

Basic Basic Halld-
Hand- Basic Forest book ETTS-IV

Variable book ETTS-IV Study Decline Decline

Potential harvest (mill. m" o.b./yrr
Total 534.66

Coniferous 363.9
Deciduous 130.7
Coppice 39.8

Growth (m" o.b./ha/yrr
Total 4.2
Coniferous 4.7
Deciduous 4.5
Coppice 1.9

Development of growing stock (m S o.b./ha; yrO-yrlOO)
Total 122-166 122-138 122-137
Coniferous 131-185 131-156 131-154
Deciduous 150-185 150-145 150-140
Coppice 58-72 58-59 58-73

Forest Forest
Study Land
Decline Expansion

452.06 563.7
315.4 385.9
102.4 138.0
34.4 39.8

3.6 4.2
4.1 4.6
3.4 4.4
1.7 1.9

122-164 122-164
131-185 131-182
150-172 150-173
58-75 58-72

a Average for the simulations over 100 years.
bErrors in totals are due to roundi/lg.



Chapter 8

Validation of the
Forest Study Results

8.1 Comparisons

The timber-assessment results can be validated by comparing them with the
results from two other studies, namely, those of Kuusela (1985) and ETTS
IV (UN, 1986). Comparisons with the Kuusela study can be carried out
only up to year 2000. Comparisons with the ETTS-IV study can. be carried
out for year 2000 and year 2020. Unfortunately, there are no possibilities to
validate our long-term projections against results of other studies.

The forecasts given by ETTS-IV take into account the following external
factors affecting wood supply: physical accessibility; provision of non-wood
goods and services; ownership structure; fiscal factors; labor conditions; eco
nomic factors; and increased forest landbase. These factors are taken into
account, to different extents, in the analysis of each country. For some
countries, the ETTS-IV forecasts also consider the impact of air pollution
and other forms of damage. The ETTS-IV scenarios include both low and
high forecasts. The two sets of ETTS-IV projections are defined roughly as
follows:

• The low estimate is based on modest but realistic assumptions of biolog
ical developments and low growth of economic development.

• The high estimate is based on more expansive, but realistic, assumptions
of biological developments and strong economic development.

The following conclusions are drawn from the ETTS-IV analyses:
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• There is a backlog of thinnings which, under favorable market conditions,
could be added to future removals.

• The differences between the countries'low and high forecasts vary consid
erably, reflecting difficulties in predicting the impact of external factors
on wood supply.

The variation (range) of the Kuusela estimates stems from two assump
tions concerning the basic conditions for the projections. In one case, the
projection is based on conditions in 1970; in the other case, on basic condi
tions in 1980.

We have undertaken a series of validation tests on a regional basis (Tables
8.1 to 8.6). We have chosen the Forest Land Expansion Scenario for the
comparison with the other two studies, which are assumed to have taken
land expansion into account in their projections.

It should be emphasized that the Kuusela and ETTS-IV studies use the
unit cubic meters u.b. (under bark), whereas the Forest Study uses the unit
cubic meters o.b. (over bark). The conversion factor from cubic meters u.b.
to cubic meters o.b. is roughly 1.10 to 1.15, but there is a strong variation
among countries and species.

8.1.1 Nordic region

The growth figures from the Forest Study match the figures from Kuusela
and ETTS-IV quite well for Finland and Sweden (Table 8.1). For Norway
the Forest Study has a growth rate that is more than double that of the other
two studies. This condition is reflected in the potential harvest figures. The
Forest Study has a much higher potential harvest (removals) in Norway
in comparison with the other two studies. For Finland there is a good
correspondence between the three studies concerning removals. For Sweden
the Forest Study gives a slightly higher harvest than the other two studies.
The forest landbase is highest in the Forest Study for Sweden in comparison
with the other studies.

8.1.2 EEC-9 region

The Forest Study has significantly higher growth rates in the FRG, Italy,
Luxembourg, and the United Kingdom than do the other two studies
(Table 8.2). This is because the Forest Study has used more recent growth
information. Fo'r Ireland the growth rate is much lower in the Forest Study.
One explanation can be that the basic data for Ireland focus on area; no
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figures for standing volume are available, so the figures had to be estimated
from yield tables. The differences in growth rates are also reflected in the
estimates of removals. Countries with a higher growth rate in the Forest
Study also have higher removals in comparison with the other two studies.
France, the FRG, and Italy have a much stronger expansion of the forest
landbase in the Forest Study in comparison with the two reference studies.

The estimate of removals in Ireland is much lower in the Forest Study
than in the reference studies. One explanation is the lower growth rate;
another is a smaller forest landbase in the Forest Study at the beginning of
the simulation period. For Belgium and Denmark, we project slightly higher
removals than do the other two studies. The remaining countries have about
the same level of removals in the three studies.

8.1.3 Central region

The growth figures and the estimates of removals for Austria from the For
est Study correspond quite well with the two reference studies (Table 8.3).
However, the Forest Study gives both higher growth rates and higher re
movals for Switzerland. This is probably a result of more recent basic forest
data in the Forest Study for this country. The increase in the forest landbase
is also higher in the case of the Forest Study.

8.1.4 Southern region

The growth rates of the countries in the Southern region are lower in the
Forest Study in comparison with the other studies, with the exception of
Portugal (Table 8.4). The estimate of the increased landbase is lower for
all countries in the Forest Study. The landbase at the beginning of the
simulation period is also lower in four out of five countries in the Forest
Study in comparison with the reference studies. Our explanation for the
difference is that in the Forest Study, more realistic estimates about future
expansions of the forest landbase were employed. The lower starting value
of the forest landbase in the Forest Study may indicate that in the reference
studies areas not classified as closed forests, in reality, have been included
in the forest landbase. Also, increases in the forest landbase in Greece have
not been considered in our study owing to methodological problems. These
factors result in a lower removal figure for the total Southern region in the
Forest Study in comparison with the other two studies.
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8.1.5 Eastern region

The Forest Study has similar or higher growth rates in comparison with
the reference studies, with the exception of the former GDR (Table 8.5).
The Forest Study has a lower estimate of forest landbase for both year 2000
and year 2020 compared with the reference studies in all countries except
Romania. Removals in the Forest Study are at or above the level of those
in the reference studies. In the case of Romania, the Forest Study generates
a much higher level of removals than the other studies. In this case, it is
known that the ETTS-IV researchers had difficulties collecting good basic
information.

8.1.6 Europe

At the European level (Table 8.6) both growth rates and harvest levels are
higher in the Forest Study than in the reference studies. One explanation for
higher growth rates in the Forest Study is that yield investigations carried
out in Europe during recent years indicate that actual growth rates strongly
exceed existing yield tables, perhaps by 20 to 30 percent (for example, see
Kenk, 1987; Eriksson, 1988). The increase of the growth rate is probably an
effect of nitrogen fertilization from air pollution; it cannot be fully explained
by changed silviculture or other factors. The data collected by the Forest
Study have to some extent accounted for this new development, while those
upon which the two reference studies were based have not.

From these tests of the basic scenarios, the following conclusions can be
made:

(1) In countries with good forest-inventory data and developed systems for
timber-assessment studies, there is a strong correspondence among the
three studies.

(2) In countries with weak data and where no simulation tools for timber
assessments are used, there are significant differences between results of
the Forest Study and the two reference studies. For these countries the
Forest Study has been able to collect the basic data with best available
quality to use in the timber-assessment model.

(3) There is a difference between results of the Forest Study and the reference
studies for countries with rapid expansion of forest land (like Ireland and
Portugal). Even in this case, we conclude that the Forest Study has
estimated a more relevant and realistic set of land-expansion rates in
comparison with the reference studies.
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Our overall conclusion based on these validation tests is that the simu
lation models and databases used in the Forest Study generate relevant and
consistent results.

ETTS-IV did not include quantitative analyses of the effects on wood
supply of forest decline caused by air pollutants, mainly because sufficient
infrastructure of experience and knowledge had not yet been developed at
the time of finalizing the work. However, three different theoretical scenar
ios of the effects of forest decline attributed to air pollutants are discussed
in the ETTS-IV report (UN, 1986). The report stresses that there are no
possibilities to assign any degree of probability to the scenarios. The general
approach used in building these qualitative scenarios was to carry out sani
tation fellings as soon as an area was classified as "dying" or "dead" and to
reduce other types of felling as much as possible to minimize fluctuations in
volumes of removals.

After the theoretical discussion about the effects of air pollutants, the
ETTS-IV report (UN, 1986) concluded that "satisfactory decision-taking
requires adequate information on extent and type of forest decline.... It is
a p~erequisite for the establishment of new forest policies." Kuusela (1985)
did not take the effects of air pollutants into consideration in his estimates
of future wood supply in Europe. Thus, there are no possibilities to carry
out validation tests of the decline scenarios generated by the Forest Study.

8.2 General Discussion

To summarize the spatial aspects of the timber-assessment results, the in
formation presented in earlier chapters has been strongly aggregated in
Table 8.7.

The table lists the results for the three scenarios: the Basic Forest Study
Scenarioj the Forest Study Decline Scenarioj and the Forest Land Expansion
Scenario. In the basic scenario the Nordic and EEC-9 regions have the
potential to increase their role as wood suppliers in Europe. These two
regions are closely followed by the Eastern region with regard to wood supply.
Under basic conditions, the highest growth rates are expected in the EEC-9,
Central, and Eastern regions. ETTS-IV has achieved the same basic results
for potential harvests under conditions with no effects of air pollutants; this
study provides evidence of the difficulties to utilize fully the harvest potential
and to transform it into real removals or fellings. ETTS-IV concludes that
the gap between net annual increment and fellings on exploitable closed
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Table 8.7. Aggregated information for all species about potential harvest
and growth rate, expressed as average per year for the 100-year simulation
period.

Basic Forest Study Forest Land
Region Forest Study Decline Expansion

Potential harvest (mill. mS /yr)
Nordic 155.3 144.2 (93%) 158.3 (102%)
EEC-9 150.1 126.2 (84%) 169.1 (113%)
Central 24.8 18.9 (77%) 25.2 (102%)
Southern 78.4 71.0 (87%) 83.6 (103%)
Eastern 126.0 91.7 (91%) 127.4 (107%)
Europe 534.6 452.0 (85%) 563.6 (105%)

Growth (m S /ha/yr)
Nordic 3.8 3.5 (92%) 3.7 ( 97%)
EEC-9 5.0 4.3 (86%) 5.1 (102%)
Central 6.9 5.6 (81%) 6.5 ( 94%)
Southern 2.8 2.6 (93%) 2.8 (100%)
Eastern 5.3 3.9 (74%) 5.2 ( 98%)
Europe 4.2 3.6 (85%) 4.2 (100%)

forest will close somewhat in the future, but increment will still exceed the
fellings with the result that growing stock will continue to expand in Europe.
Thus, the fellings are estimated to increase up to the year 2020 by about 20
percent (UN, 1986). The gap between growth and fellings will also result
in an increased growing stock in Europe up to the year 2020. ETTS-IV
concludes that:

wood supply in Europe still has a certain degree of flexibility, if demand
should grow sufficiently strongly. The reverse of the coin is that, under
conditions of persistently weak demand for wood, fellings will not take place,
growing stock will expand to the point where policy would have, sooner or
later, to be directed towards stimulating consumption or taking measures to
discourage further growth in supply. Alternatively, in the absence of such
measures, natural losses would increase and net annual increment would
decline, as would the vitality of the forest resource. (UN, 1986)

The anticipated expansion of the forest landbase in Europe will gener
ate an increase in the total harvest potential in Europe. The increase is
estimated to be some 29 million cubic meters per year during 100 years in
comparison with a constant forest landbase and no decline. Since about 65
percent of the increase will take place in the EEC-9 region, this region has
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the possibility to challenge the Nordic region as the leading wood supplier
in Europe. Thus, should this scenario begin to unfold, major structural
changes in the European forest-products industry would occur.

ETTS-IV (UN, 1986) acknowledges the difficulties of estimating expan
sions of the forest landbase in a quantitative way. Identification of general
directions of changes in the forest landbase is rather easy; however, there are
serious difficulties in assessing rates of the land change over time, given that
forest policy is only one part of overall land-use policy. Moreover, land-use
policy can be strongly affected by other policies such as those for agriculture,
rural development, and industrial infrastructure. The Forest Study has also
encountered these problems. Nevertheless, we feel that, since the ETTS-IV
study was carried out, the possibilities to quantify increases in the future
forest landbase have improved. The major driving force for increase in the
forest landbase is the change expected in agricultural policies in many Eu
ropean countries. In their report based on information from de Wit et al.
(1987) and Wong (1986) concerning major trends for cereal crops, Stigliani
et al. (1989) estimate that some 40 million hectares of agricultural land in
Europe are expected to be taken out of production up to year 2030, cor
responding to about 30 percent of the present land used for growing cereal
crops. Many analysts (e.g., Kreysa and Last, 1986) believe that forestry is
the only realistic alternative use for most of the agricultural land that may
not be required for food production.

A special comparison between prognoses in the ETTS-IV (UN, 1986)
and the Forest Land Expansion Scenario has been carried out (Table 8.8).
We use the Forest Land Expansion Scenario in this comparison because
the ETTS-IV Scenario includes expansion of the forest landbase. We point
out that the total forest-land expansions in our scenario amount to only
about 75 percent of the expansions in the ETTS-IV Scenario. Also, for the
comparison we have used the upper estimates (high scenario) of harvests
from ETTS-IV. The comparison shows that feIlings during the base period
(1985) in the Forest Study are well above the level suggested by ETTS-IV,
and above actual 1987 feIlings. However, by the year 2020 the Forest Land
Expansion Scenario shows harvest levels very close to those of ETTS-IV.

The initially unexpected concordance between potential harvests pro
jected in the Forest Land Expansion Scenario and the projections of actual
harvests in the ETTS-IV Scenario can be explained by growing-stock de
velopments. From the early 1980s to the year 2020, growing stock for all
Europe increases slightly by 7 cubic meters per hectare in the ETTS-IV Sce
nario, while the corresponding figure in the Forest Land Expansion Scenario
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is 27 cubic meters per hectare. Thus, while the harvest levels of the two
studies are similar at the year 2020, the dynamics of the forests are quite
different. If the difference in growing-stock consolidation between the two
studies had been taken out in the form of harvests in the Forest Land Ex
pansion Scenario, the average harvest level during the 40 years could have
been increased by 73 million cubic meters per year (see the bottom row in
Table 8.8). Also, the total average harvest per year for the period studied
would have been 593 million cubic meters in comparison with 497 million
cubic meters for the ETTS-IV Scenario.

Another factor contributing to our conclusion that the Forest Study har
vest levels are conservative is the growing-stock development that would
ensue if we had accounted properly for the difference between our harvest
levels and the actual harvest levels today and those projected by ETTS-IV
up to 2020. The difference between the 1987 harvest level and the average
annual harvest level (over 100 years) from the Basic Forest Study Scenario
is about 110 cubic meters. The foregone harvest contributes strongly to
growing-stock development but has not been taken into account in the For
est Study scenarios.

The results presented in Table 8.8 imply that, although the Forest Study
objective is to assess potential harvest levels, our simulations are rather
cautious. The inventory and growing stock of the forests are consolidated,
and the harvest patterns are not extreme. This is in line with behavior in the
European forest sector during the past several decades. These results also
suggest that harvest levels in the Forest Study scenarios could be pursued
even with restrictions and increased demands on non-wood benefits from
European forests.

Another indication that the Basic Forest Study Scenario and the Forest
Land Expansion Scenario are rather cautious is that earlier estimates of
future fellings have been revised upward on several occasions recently (see
Figure 8.1; UN, 1986). We note that the Basic Forest Study Scenario yields
results close to the high harvest levels of ETTS- IV (Figure 8.1). We also
note that the whole scope or potential for increased wood supplies up to 2020
as identified in ETTS-IV may be all but negated if effects of air pollutants,
as we have represented them in our analyses, continue.

We have used the ETTS-IV regionalization of Europe so that our results
could be directly compared with those of ETTS-IV. This regionalization
includes the EEC-9 grouping, which was expanded recently to 12 countries,
with the addition of Spain, Portugal, and Greece. Results from country
aggregations for the EEC-12 show that biological potential wood supplies



164 Future Forest Resources of Western and Eastern Europe

Million m3/year

Decline

Expansion

Basic

_--------,- Expansion
Basic

Forest study 1 .
J::::"""" Decl,"e

ETTS-IV
./

300 ---I:.,e--------::.,.~

500 -t----------h
.-':.~-:_:_-__:_"T"'t_

400 -+-----,''-7-:::+..-c,--~.-c----------

200 --I--~:""-'----------------
ETTS IV Forest study,:,

[
- Expan~on

ETTS-III ~·~""",~~_i:::::f:=~D::ec~iidu~o:::u:::s=====~ Basic
_ ....-e.--- Decline

"""-- .........
100 -t----------

2070 20902010 2030 20501990

O-i--r--.r---.---.r--....,....-.-----r--.---....,....-..---r---r---r----.

1950 1970

Figure 8.1. Comparison between results from ETTS-llI, ETTS-IV, and
the Forest Study, expressed in million cubic meters per year.

projected by the Basic Forest Study Scenario are about 20 million cubic
meters higher per year up to year 2020 than the high ETTS-IV estimates
(Table 8.9).

The regions most affected by forest decline attributed to air pollutants
are the Eastern and Central regions, followed by the EEC-9 (Table 8.7).
The total loss of potential harvest caused by air pollutants expected to be
emitted in Europe up to 2000 to 2005 is estimated to be 16 percent of the
total potential timber harvest in Europe. This represents a loss of about 83
million cubic meters per year averaged over 100 years.

One way to verify the results of our decline scenarios (Table 8.7) is to
compare the distribution of sensitivity classes, the areas exceeding target
loads for sulfur, and the existing loss of foliage. Chadwick and Kuylenstierna
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Table 8.9. Summary of different scenarios for the EEC-12 region.

Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion
Potential harvest (mill. mS o.b./yr)"
Total 188.5 158.7 179.4 174.1 151.7 152.6 202.2
Coniferous 108.7 99.5 109.3 101.6 94.9 95.9 126.6
Deciduous 48.9 42.4 49.0 43.2 41.0 38.0 54.5
Coppice 30.9 16.8 21.1 29.3 15.8 18.7 21.1

Growth (m S o.b.jha/yr)"
Total 5.3 4.8 5.1 4.8 4.2 4.4 4.7
Coniferous 6.4 6.0 6.3 5.8 5.3 5.6 5.6
Deciduous 5.4 5.3 5.5 4.5 4.4 .4.4 4.4
Coppice 3.3 2.2 2.5 3.1 2.0 2.3 2.5

Development of growing stock (mS o.b./ha; yrO-yrlOO)
Total 134-172 134-201 134-173 134-154 134-159 134-177 134-167
Coniferous 146-206 146-219 146-196 147-186 147-177 147-199 147-188
Deciduous 148-177 148-231 148-179 148-147 148-152 148-186 149-157
Coppice 94-100 94-136 94-120 94-99 94-131 94-126 94-120
Q Average for the simulations over 100 years.

(1990) have produced such a comparison for the IIASA Forest Study on
Switzerland. The comparison is illustrated in Figure 8.2. The information
about the existing losses of foliage in 1985 is collected from Anon (1985). The
good correspondence shown in the three illustrations of Figure 8.2 validates
the methodology used to generate the decline scenarios.

It should be clearly stated that the links between pollutant concentra
tions and depositions and forest decline are still not understood completely.
The roles of specific pollutants relative to each other, and the role of all
pollutants relative to other decline-causing stress factors such as insects and
diseases, climate, and inappropriate silviculture, are notoriously difficult to
ascertain. Such profound ignorance renders forecasts of specific air-pollution
effects on forests across broad regions and over long periods of time rather
speculative. However, such speculations are useful, if for no other reason
than to bound the dimensions and seriousness of the problem and to iden
tify critical research needs.

No quantitative approach has heretofore been used in scenario building
about the effects of forest decline in large regions. Modeling attempts have
been made in several countries to quantify the effects at regional or national
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levels. For example, Mohring (1986) developed a detailed model based on
a theory of normal forest conditions in the FRG. However, the model deals
only with single-stand developments and not with total forests. Ewers et al.
(1986) used a simulation model based on Markov chains for estimating the
development of the decline in the FRG. The analyses had a time horizon up
to 2060. The species taken into account was spruce. Three scenarios were
implemented:

(1) A trend scenario, in which 1983 air pollutant emissions were continuously
reduced by 25 to 35 percent to the year 2060.

(2) A status quo scenario, where the level of emissions in 1983 was main
tained during the simulation period.

(3) A reference scenario, where emission rates during the 1930s and 1940s
were used.

The major output from this model is a distribution of the damage classes
(loss of foliage) over time in different age classes. Unfortunately, it is not
possible to compare the results achieved by Mohring (1986) and Ewers et al.
(1986) and the Forest Study results presented in this book.

8.3 Economic Effects of Forest Decline

This book does not try to produce an economic evaluation of the future
effects of forest decline. However, the basic information embodied in our
simulation results is one of the cornerstones for calculating the economic
effects of forest decline in Europe in an efficient way. Metz (1988) carried
out a detailed literature review on the economic consequences of the forest
decline attributed to air pollutants in Central Europe. Calculations based
on Metz's review do not consider effects on the forest-products industry
(Table 8.10). It can be concluded from Metz's work that it is very difficult
to consider all aspects of forest decline in economic evaluations.

In Poland the economic losses resulting from declining forests have been
estimated to be some 60 billion zlotys per year (Ambio, 1989; Gorka and
Poskrobko, 1987). Netsch (1985) studied the economic effects of forest de
cline on farm enterprises in Bavaria. By studying model enterprises in this re
gion, Netsch calculated a gross loss ranging between DM 66,000 and 124,000
per year for the model farm enterprise, depending on the future development
of the decline. Kornai (1988) attempted to evaluate the economic effects of
forest decline, taking forest resources, iudustry, and markets into account,
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Table 8.10. Total monetary damage in Austria (A), Switzerland (CH),
and the Federal Republic of Germany (FRG), evaluated monetary damage
in percent of the GNP, damage per total forest area (ha), and damage per
inhabitant.

Monetary Damage per Damage per
damage in Damage in total forest inhabitant

Country Study billion DM % of GNP area, DM/ha in DM
AQ Annual 1985 0.64 0.3 170 85

Annual 1987 3.09 max 1.5 815 410

ClI b Total 53.24 17.0 48,500 8,205
I Phase 2.18/yr 0.7 1,985 335
II Phase 1.45/yr 0.5 1,310 220

FRGc Total T 211.4 11.0 28,960 3,460
Total S 344.2 18.0 47,150 5,635
Annual2%T 5.5 0.3 755 90
Annual 2%5 8.8 0.5 1,205 145
AnnualO%T 11.5 0.6 1,575 190
Annual 0%5 18.3 0.9 2,510 300

QTwo annual studies carried out: 1985 and 1987.
bDiscount rate 0%, residual damage not taken into account.
cDiscount rate 2%, residual damage taken into account. T = Trend scenario, S = Status
quo scenario.
Source: Metz (1988).

using the IIASA Global Trade model (Kallio et al., 1987). In Kornai's anal
yses, very tentative results from the Forest Study were used concerning the
changes in wood supply caused by air pollutants. Kornai concluded that
forest decline will have significant economic impacts in both the short and
the long term. However I the impacts would unlikely be sudden or dramatic.
A natural step to further analyses is to use the results we present in this
book as input to the IIASA Global Trade model for more detailed analyses.



Chapter 9

Policy Implications of
Continued Forest Decline

9.1 Atmospheric Pollutant Emissions

9.1.1 Background

Air pollution is without question a key contributor to much of the forest
decline witnessed in the 1980s in Europe. Thus, if forest stress due to air
pollutants is to be reduced, policymakers must focus on air-pollution control.
The major pollutants implicated as causal agents in forest declines are sulfur
dioxide, nitrogen oxides, and ozone, but other pollutants such as ammonium
and organic compounds are also suspected of contributing to some forest
declines.

Sulfur dioxide is emitted into the European atmosphere mainly by coal·
and oil-burning power plants and smelters. Nitrogen oxides enter the Eu
ropean air principally from power plants and petroleum-powered vehicles.
Ozone in the lower atmosphere is mainly a product of photochemical reac·
tions involving nitrogen oxides.

Air-pollution emissions in Europe have risen steadily during the twentieth
century. Even optimistic scenarios of future patterns of air-pollutant emis
sions in Europe (Table 9.1) are little cause to take lightly the air-pollutant
induced stress on forests (Table 9.2). So-called lag effects of air pollutants
on forest ecosystems may last several decadesj therefore, even if pollutant
emissions are adequately controlled soon, forests will not respond fully to
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Table 9.1. Emissions of sulfur and nitrogen in Europe.

1980 %of % 1980 % of %
Region kt kt Europe change kt kt Europe change

Nordic 1,205 675 1.9 -44.0 751 526 3.4 -30.0
EEC-9 17,048 10,020 28.8 -41.2 10,139 7,916 51.2 -21.9
Central 481 170 0.5 -64.7 356 250 1.6 -30.0
Southern 6,172 9,873 28.3 +60.0 2,018 2,936 19.0 +45.5
Eastern 16,332 14,092 40.5 -13.7 3,631 3,841 24.8 +5.8
Europe 41,238 34,830 100.0 -15.5 16,895 15,469 100.0 -8.4
"Quantitative estimates are available only for NO~ emissions. Ir NHa emissions are taken
into account, the total N emissions will be about double the figures presented for NO~.

Data were provided by the IIASA Transbouudary Air Pollution Project.

Table 9.2. Exposure of European forests to significant amounts of air
pollutants. Data for sulfur and nitrogen are percentages of the total forest
area exceeding critical loads. Data for ozone are based on mean diurnal
concentration distributions, April-September, 1986.

Forest type
Period Nordic EEC-9 Central Southern Eastern

Sulfur
Coniferous

1985 59 88 98 62 98
2000 48 76 93 84 98

Nonconiferous
1985 19 34 50 18 84
2000 7 24 46 40 76

Nitrogen
Coniferous

1985-2000 75 83 100 34
Nonconiferous

1985-2000 52 55 86 21

Ozoned
1985-2000 1-2xCL 1.5-2xCL 2-2.5xCL n.a.

76

47

1.5-2.5xCL

n.a. = Not available due to insufficient data.
CL =Critical load.
"Source: Grennfelt et 01. (1988).
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the clean atmosphere immediately. Results of our timber-assessment scenar
ios that incorporate pollutant effects on potential wood supplies are rather
conservative in the sense that we have assumed a clean atmosphere from
2005.

If air pollutants are having the effects on forests that we suspect, the
whole of European society loses significantly. The forest-products industry
loses wood quality and, over the long term, wood quantity as well. Declining
stands lose their ability to provide wildlife habitat, recreation, and water and
soil protection. Clearly, all European residents and visitors lose important
benefits from air-pollution effects on forests.

Based on our simulation work, we estimate, in response to the sulfur
and nitrogen emission scenarios in Table 9.1, the lost potential wood supply
in the regions of Europe, in million cubic meters per year averaged over
a 100-year period to be: Nordic, 11; EEC-9, 24; Central, 6; Southern, 7;
and Eastern, 34. Thus, for all Europe (excluding the Soviet Union), lost
potential wood supply owing to air-pollution effects could average some 83
million cubic meters per year.

9.1.2 Policy opportunities

There are two major pathways to mitigate the potential effects caused by
air-pollutant emissions: pollution control and raising the stress resistance of
forests. The latter is discussed in Section 9.2. With respect to air-pollution
control, our results show that current policies for emission reductions of
sulfur and nitrogen oxides will make relatively small reductions in the areas
of forest at risk (Table 9.2). Indeed, the current policy will allow more
pollution in some areas like the Southern and Eastern regions and will likely
increase the forest areas at risk.

Blanket application of fixed-proportion reductions of air-pollutant emis
sions across Europe clearly ignores several facts: some forest ecosystems are
more sensitive than others; countries are emitting very different absolute
amounts and amounts standardized to per caput, per unit land area, or per
unit GDP; and pollutants are usually not deposited in the locale of their
emission. Under the auspices of the UN-ECE Convention on Long-Range
Transboundary Air Pollution, policies should be devised for pollution con
trols that are targeted to specific pollutants and specific polluters with the
objective of reducing pollutant depositions to below critical loads for all
forests of Europe.
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National governments are clearly responsible for developing and imple
menting new targeted policies for air-pollution control. However, because of
the international nature of the problem, international organizations such as
the European Community and the UN-ECE have a responsibility to bring
representatives from various nations together to undertake international im
pact assessments and to develop strong pollution-control policies acceptable
to all parties. Despite potential problems in implementing new pollution
controls in old industrial plants, the technology for advanced pollution con
trol, especially for sulfur, is available. The key resource required to install
and operate pollution controls is money.

Of course, a key constraint in implementing policies targeted for air
pollution control in Europe is the availability offunds in the countries where
most controls ought to be installed. One can expect significant difficulties
in international negotiations: first, in determining which countries ought to
take blame for pollutant depositions exceeding critical loads and, second,
in determining who should shoulder the financial burden of controlling the
pollution.

Unless pollution-control programs are increased substantially, in a man
ner that targets specific polluters considered to be "worst offenders," forest
decline caused by air pollution in Europe will not likely decrease. We can
not overemphasize the need for strong action against air pollution to secure
healthy and vibrant forest resources in Europe.

9.2 Forest Policies

9.2.1 Harvest levels and silviculture practices

Background

Actual silvicultural practices in European forests have, in large measure,
deviated from the declared policies of most countries. Three basic silvi
cultural elements are critical in determining the level of vitality of forest
stands: the timing and intensity of thinnings that control density of trecs in
forest stands; the age at final felling that controls the degrce to which stands
become overmaturej and the vigor with which ccrtain species can grow on
specific sites. In the Forest Study, we have concentrated our analysis on the
effects of thinnings and final fellings as tools to reduce risk of forest stands
to air-pollution stress. Because these tools togethcr account for all timber
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extraction, changes in their implementation automatically imply changes in
the harvest levels of European forests.

Like all biota, trees can exhibit signs of stress or decline when they are in
strong competition with other trees for light, nutrients, and water and when
they are old. Thinning forest stands can control tree density so that intertrce
competition does not induce tree decline, and final stand felling (or final
tree felling in the case of uneven-aged management) can remove trees before
they become physiologically old and unable to grow and maintain vigor.
We believe that proper thinning regimes to eliminate stressful competition
and proper rotation to prevent old-age decline are not being implemented in
many European forests.

We have used the indicator of forest harvest volume to discover to what
degree "handbook" silviculture (Le., the silvicultural practices that are rec
ommended by research institutions in each country as those required to keep
stands vigorous, and thus form the basis for most policies) has been applied
in each country. Harvest volume can make this discrimination because it is
governed by the application of thinning and final-felling regimes.

Appropriate silvicultural practices have been researched and developed
intensively in Europe for more than a century. However, for a variety of
reasons handbook silviculture has not been implemented in all countries.
Our analyses show that all European regions except the Southern region
displayed very large immediate harvest pulses when we implemented hand
book silviculture in our simulations. The Southern region results do not
display a strong reaction of this type because the forests have a more bal
anced age-class structurej coppices are an important component of the forest
resources; and basic forest-inventory data for use in our simulations were of
poor quality. We conclude that the problem of silviculturally induced stress
in European forests is a widespread and serious problem.

Our findings are well supported in the literature. Kuusela (1987) argues
that in many European countries the silviculture regimes currently used are
less than adequate even under no-decline conditions. Many forests, accord
ing to Kuusela, are overly dense, have standing volumes that are too high,
and are too old. These factors, together with the fact that fellings have been
for some time about 20 percent lower than the increment, will cause an in
creasing decline (Kuusela, 1987). Kuusela's recommendation is to decrease
gradually the density and rotation age of the stands to keep vitality up and
avoid decline. These measures will, of course, generate increased removals
in Europe. In a later analysis Kuusela (1988) predicts little change in im
plementation of actualsilvicultural practices throughout Europe, suggesting
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that silviculturally induced stress will not be reduced in the next several
decades.

Ulrich (1988) finds that to decrease the total acid load in an ecosystem,
the internal net proton production must be minimized. He recommends the
following silvicultural measures (among others) in this respect:

(1) Aim at low densities and strong thinnings to avoid the accumulation of
nutrients and bases in the tree biomass which cannot be utilized by the
ecosystem.

(2) Apply early thinnings to allow ground vegetation to persist and to min
imize the accumulation of an organic top layer from the litter of the
stand.

(3) Allow deciduous species to remain within the stand throughout the ro
tation to facilitate litter decomposition.

Scholz (1984) arrives at conclusions similar to those of Kuusela (1987,
1988) and Ulrich (1988), and emphasizes in addition the importance of tree
species selection. Tree species and provenances should be selected to be as
well adapted as possible to natural site conditions to buffer against effects of
air pollutants. In general analysts agree that there are serious mismatches
throughout Europe between site types and species regenerated. Because this
is a very local phenomenon, and basic data permitting analysis of this situ
ation are not available, the possibilities to improve future forest conditions
through better species-site matching could not be explored in our study.

Ovaskainen (1987) and Lohmander (1989) have studied optimal harvest
ing pat terns under conditions of air-pollutant stress based on theoretical
approaches (traditional stand-level economic calculations). The general con
clusion from these studies is that the optimal harvest year occurs earlier if
stand growth is reduced by air pollutants. Moreover, short-term harvest
activities increase in the decline situation, but in the long run the harvest
level is reduced in comparison with undisturbed conditions.

A specific silvicultural measure for stand revitalization is fertilization.
Effects of fertilization llave been studied in several countries. The results
indicate that application of lime and/or other fertilizers containing Mg, K,
and P would improve conditions in declining stands (e.g., Huettl, 1988). The
risk with fertilization is that it may cause displacement of nutrient cations
because of relative increases of hydrogen ions. However, countries such as
the FRG and Sweden have started nationwide programs to fertilize declining
stands and stands at risk. The long-term effects are not quantifiable at the
moment, so fertilization has not been taken into account in our analyses.

I
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Policy Opportunities

Based on our results and other studies, we conclude that it is important to
carry out intensive forest management in situations with forests under stress
from air pollutants. This contradicts many policies employed in several
countries in Europe today. These policies are often based on the assumption
that intensive forest management will worsen the effects of air pollutants.
The results from the Forest Study and the literature review do not support
these assumptions and the resultant policies.

Good silvicultural practice with respect to stand density and age to keep
up vitality is known throughout Europe. Forest-stand resistance to stresses
such as air pollution can be raised significantly by implementing known
silvicultural practices.

Many European forests now have age-class structures and growing stocks
that have evolved under decades of nonideal silviculture. Therefore, it would
be logistically impossible to implement proper silviculture immediately.
What is required in each country, and indeed in each forest-management
area, is a careful analysis of the harvest-level implications of various sched
ules of implementation of handbook silviculture programs. The objective
should be as rapid a full implementation as possible with acceptable in
creases in wood harvest.

All members of the forest sector have a role to play in bringing about
higher resilience of European forests to stress through application of ap
propriate silviculture. Research institutions must determine what the good
practices are, and adjust them to the relatively new stress of air pollution on
so many European forest stands. Landowners, including private interests and
governments, must become aware of the consequences of not implementing
resilience-building silvicultural practices, and must find means to implement
these practices. The forest-products industry has the responsibility to be
receptive to an increased wood supply that would result from implementa
tion of proper silviculture practices. Governments have the responsibility to
assist industry in its efforts to absorb the increased wood supplies, which
our analyses show do not need to be temporary if countries wish to increase
long-term production of forest products.

Full implementation of handbook silviculture in European countries
would require increases in labor and machinery resources, as well as new
markets - either domestic or international - for the increased wood supply.
Several constraints need to be overcome if silviculture is to be used to its
full potential to raise the vitality of European forests. First, governments
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that have policies calling for good silvicultural practices must begin to im
plement those policiesj this may even mean legislation governing silvicultural
practices. Second, public and private landowners need to be aware that old
and dense forest stands, while attractive for a time, have low resistance to
air-pollution stress, and that judicious cutting is the most powerful tool to
improve stress resistance. Third, the shortage of skilled forestry workers
already found in Europe needs to be overcome with training, image im
provement, and higher wages. Finally, markets for roundwood need to be
enhanced, partly through increases in industrial processing capacity, to make
it profitable for landowners to implement harvest-oriented silviculture.

Many European forests have a low resistance to stress because they are
too dense (thus in competitive environments), too old (tllUs physiologically
overmature), and inappropriately matched to site conditions (thus growing
on inhospitable sites). Harvest-oriented silviculture is a powerful approach
to increase stand resistance to stress factors such as air pollution. Many
obstacles must be overcome before stress-reducing silvicultural practices can
be implemented in most European countries. If these obstacles are not
overcome soon, we may expect tIlat continuation of current silvicultural
practices will further contribute to forest decline.

9.2.2 Forest-land expansIOns

Background

During the last few decades, huge surpluses of food have been produced in
Europe by heavily subsidized farmers. There is serious discussion in most
countries and in international organizations such as the European Com
munity to redirect agricultural subsidization from food production to tree
production. European planners are discussing vigorous programs that will
convert land from farms to forest stands. Recent attention has focused on
the reforestation of degraded and unused land. As a result there is a strong
potential for overall increases in the amount of forest land in Europe.

It is by no means clear to what degree any new stands established un
der such land-conversion programs would be available for timber production.
Landowners may be led to establish such stands primarily for amenity pur
poses, such as water and soil protection and recreation and wildlife habitat,
and only secondarily for wood supply. Indeed, in view of impending climate
change, even carbon sequestration may be seen as a meaningful objective for
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new forests. However, to get an idea of the biological potential that forest
land expansion programs may contribute to wood supply in Europe, we have
simulated a series of forest-land expansions as part of our European timber
assessment. We discuss the results below, along with the policy implications
of not being able to capture the biological potential wood supplies.

Input data to our simulations are average annual forest-land expansions
in each country in hectares per year. Potential effects of such expansions
on wood supply in each country are described as annual harvest volumes at
specific times in the future.

Results of our simulations suggest that, if the biological potential wood
supply is actually harvested, total potentials increase marginally for the
Nordic, Central, and Eastern regions, modestly for the Southern region, and
strongly in the EEC-9 (Table 6.2). The increases occur even in the short
term (Le., by 2020) because, although the newly established stands will not
be available for harvest until some time later, their availability allows harvest
levels to increase sooner on stands already available.

Two uncertainties have a bearing on the results of our analyses of forest
land expansions. The first is simply whether the land-expansion scenarios we
have simulated will occur. A controversy exists within the European forest
sector as to whether the proposed programs can be implemented. Many
argue that the programs are too optimistic. In the context of ETTS-IV, our
estimates of forest-land expansions seem reasonable.

The second major uncertainty concerns the degree to which wood will be
harvested for profit at the rate we have assumed to be the biological potential
under proper silvicultural practices. As noted above, landowners may want
to retain growing stocks on the land expansions for amenity values. We
specifically asked our collaborators in each country to tailor their estimates
to expansions for timber-supply purposes.

Nevertheless, given these uncertainties, our simulation results may be
interpreted as absolute high limits of the potential contribution of forest
land expansions to wood supply in Europe.

Policy Opportunities

If European nations are concerned about long-term availability of forest
products to meet rising domestic demand, it may be necessary not only
to expand the forest landbase but also to ensure that owners have sufficient
incentives to apply proper silvicultural practices and to harvest and market
their wood. Each country needs to examine the potential future course of



178 Future Forest Resources of Western and Eastern Europe

domestic forest-products demand and the capacities of the forest-products
industry. At the same time, each country must analyze the potential abilities
of domestic forests to meet these needs. Our results show that forest-land
expansions can play a significant role in increasing long-term sustainable
timber-harvest levels. Such analyses should reveal to what degree govern
ments ought to encourage forest-land expansions and wood harvests from
the newly forested lands. If such harvests are deemed desirable, governments
could provide tax incentives or subsidies in the form of funds or supplies and
services such as management planning, site preparation, stock planting, and
stand tending.

When forests are large enough to allow for annual harvest activity, man
agement expenses can be considered as costs to be charged against revenues
from timber sales. However, farm and other small woodlots receive rather
infrequent harvests, so stand establishment may have to be seen as an invest
ment. When rotations are long, such investments are seldom economically
justifiable. Private owners of small parcels of land, e.g., farmers, may need
considerable subsidies before considering changing land use from food crops
to tree crops. A huge amount of money may be required to implement the
land-conversion scenarios we used in our simulations.

Several constraints may impede future expansions of the forest landbase
in Europe. With world population continuing to grow, Europe may be called
upon to produce food for export to hungry nations. This may reverse the
current vision that there is surplus agricultural land in Europe. Second,
amenity values of tree stands will become more and more important, and
landowners (as well as the general public) might become less and less inclined
to treat new woodlots as sources of timber but rather as venues for recreation
and ways of implementing land stewardship, not to mention slowing the
buildup of carbon in the atmosphere. Finally, even if landowners want to
establish new timber-oriented woodlots, and governments encourage this,
the funds required may be difficult to secure.

Summary and Outlook

Forest-land expansions are expected to be large only in the EEC-9 region.
If the biological potential wood supply from such expansions can actually
be taken, over the long-term there will be significant increases in total wood
supply in EEC-9. Because there is doubt with respect to whether the expan
sions will occur, and whether wood supply will be their main function, we
cannot say with certainty that the expansions can be counted on to increase
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the overall wood supply. If countries wish this to be so, strong policies,
backed up with financial support, will be needed.

9.3 Deluand/Supply Balances for Industrial
Roundwood in Europe

Actual 1987 harvest data and 1985 demand data (both derived from FAO
sources) show that Europe in the late 1980s had a surplus wood supply (Table
9.3). The surplus of overall wood supply over wood demand amounted to
some 55 million cubic meters per year. When we look at the years 2000
and 2010, the picture changes significantly. For example, even in the case
of no future decline in European forests, the Continent may face an annual
roundwood deficit of some 40 million cubic meters by 2010. If we account for
decline as we have in our Forest Study Decline Scenario, that deficit amounts
to about 130 million cubic meters for each year. Increased wood-harvest of
forest land can only mitigate these annual deficits ill 2010 by about 8 million
cubic meters.

The region that will experience the most serious potential deficits is the
EEC-9, largely because round wood demand is expected to grow so strongly
in this region. The strongest effects of pollution-induced forest decline in
making potential deficits worse are projected to be in the BEC-9, Eastern,
and Southern regions.

9.4 Potential Wood Supplies and Industrial
Capacities

Every nation concerned about the future of its forest sector will want to
find a reasonable balance between actual/potential wood supply and indus
trial wood- processing capacities. Overcapacity in industry should be avoided
because it indicates inefficient industrial investments. When roundwood im
ports are not available significant overcapacities cannot be kept active for
very long, and mill closures would be disruptive to local economies. Un
dercapacity in industry signifies either that roundwood is being exported,
thus contributing little to high value-added domestic manufacturing and the
attendant economic benefits, or that biological potential harvests are not
being realized because of inadequate domestic round wood markets.
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Table 9.3. Outlook for regional wood demand/supply balances in Europe.
Data are expressed in million cubic meters of roundwood equivalents.

Balances at

+20.9
-17.6
+21.6

575.5

-47.5
-139.3
-40.0

+31.5
-5.4

+31.8

497.0

2000 2010

41.2 43.4

+ 109.0 + 104.6
+88.9 +91.5

+109.7 +109.5

279.0 326.5

-132.6 -173.4
-160.1 -200.0
-128.4 -175.9

18.3 22.8

+5.7 +1.8
-0.2 -3.9
+5.8 +1.9

67.2 77.2

+7.0 -1.4
-1.9 -9.3
+9.3 +0.9

91.3 105.669.4

49.3

13.8

31.2

+8.5

366.2

202.5

+30.1

+22.8

-93.2

+89.5

mid-1980s

Domestic demand
Surpluses/Deficits with:

1987 actual harvest +57.6
No decline +20.6
Decline -75.4
Land expansion +31.3

Variable

Domestic demand"
Surpluses/Deficits with:

1987 actual harvest
No declineb

Declinec

Land expansion d

Domestic demand
Surpluses/Deficits wilh:

1987 actual harvest
No decline
Decline
Land expansion

Domestic demand
Surpluses/Deficits with:

1987 actual harvest
No decline
Decline
Land expansion

Domestic demand
Surpluses/Deficits with:

1987 actual harvest
No decline
Decline"
Land expansion

Domestic demand
Surpluses/Deficits with:

1987 actual harvest
No decline
Decline

Land expansion

Europe

Eastern

EEC-9

Central

Region

Nordic

Southern

"Roundwood demand lo meel domeslie consumplion of final induslrial producls.
bPolenlial wood 5upply according lo lhe Basie Foresl Sludy Scenario.
cPolenlial wood 5upply according lO lhe Foresl Sludy Decline Scenario.
dPolenlial wood 5upply according lo lhe Foresl Land Expansion Scenario. No effecls of air pollu
lion are accoullled for in lhis scenario.
"No decline effecls have been calculaled for Spain.
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Most countries welcome the economic benefits that come from vigorous
industrial, manufacturing, and commercial activity, and would probably en
courage expansion of the forest-products industry if markets for consumer
products are expected to be buoyant and if depressed roundwood markets
are the major constraints against realizing wood-harvest potentials. Major
factors to consider in planning for change in industrial wood-processing ca
pacity include: current capacity structure, including technological efficiencies
and ages of physical plant; outlook for reasonable-cost wood supply; outlook
for product markets; availability of capital, labor, and energy at reasonable
costs; and environmental restrictions on establishment and operation of new
processing facilities. Obviously, such planning is plagued by many uncer
tainties, but these must be overcome if industrial futures are to progress in
an orderly fashion and are not to suffer from serious imbalances between
actual wood supply and processing capacity.

We have examined the current and potential balances between wood sup
ply and industrial capacity in the regions of Europe (Table 9.4). In the late
1980s all regions had apparent excess industrial capacity compared to actual
wood harvests, with the most serious overcapacities in the Central region
(we say apparent because there is significant interregional trade of round
wood and chips in Europe). This implies that the physical lack of processing
facilities may not be a strong constraint (or in some places no constraint at
all) on increasing wood harvests from actual levels to the highe'r potential
levels indicated in our simulations. Thus, other factors, such as unfavorable
profit margins owing to low roundwood prices (e.g., from the EEC "inner
market"), high harvest, and silviculture costs and forest-owner attitudes fa
voring the non-wood forest benefits from dense mature and overmature forest
stands, may be more prevalent in keeping actual roundwood harvests below
biological potentials.

However, industrial undercapaci ty does become a constraint to full
achievement of the biological wood-supply potentials we have calculated in
our simulation analyses. If it becomes possible to remove other constraints,
our simulation assuming no forest decline suggests that all regions except the
Central region will face industrial undercapacities (Table 9.4). These under
capacities would be largest in the EEC-9 and Eastern regions. In the event
that forest-land expansions are implemented to the extent we have assumed
in the Forest Land Expansion Scenario, and the resultant wood is avail
able for industrial processing, the undercapacities are even more significant,
particularly in EEC-9. Again, the Central region escapes this constraint.
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In the late 1980s, most countries had industrial overcapacities compared
with actual levels of timber harvest (Table 9.4). Exceptions include Den
mark, Ireland, and the UK. Under the Basic Forest Study Scenario, this
general situation would change such that most countries would be short of
industrial capacity compared with the potential wood supply. This situa
tion would be most severe in Norway, Denmark, the FRG, Ireland, Italy,
the UK, Bulgaria, Romania, Switzerland, Turkey, and Yugoslavia. With the
Basic Forest Study Scenario, there are few wood-supply constraints to ex
pansion of industrial capacities. Taking potential forest-land expansion into
account, this opportunity would be even stronger in Denmark, the FRG, Ire
land, Italy, and the UK. However, a comparison of current capacities with
potential wood supplies under forest-decline conditions, as exemplified by
the Forest Study Decline Scenario (Table 9.4) suggests that many European
countries would experience overcapacity if decline continues as we expect it
might.

Of most interest here are comparisons of curreI!t industrial capacities
with the Forest Study Decline Scenario. Again, the comparison assumes
that all other constraints on biological harvest potentials can be lifted. If
they can, forest decline has different effects on the adjustments required
to reach industrial capacity in each region and to process the wood supply
(Table 9.4). In the Nordic region, the current industrial capacity would be
matched by the long-term sustainable wood supply, suggesting that the ca
pacity would need to be expanded slightly (assuming that capacities cannot
be 100 percent utilized). Significant undercapacity would exist in EEC-9
under forest-decline conditions, but overcapacities would exist in the other
regions. Our calculations for the Southern region do not show much of a
difference between current overcapacity with actual wood supply and the
overcapacity with a potentially available supply under decline conditions.
This is due to our inability to account for effects of forest decline in Spain.

In summary, there are three classes of overall outlooks with respect to
industrial capacities and potential wood supplies. If biological wood-supply
potentials can be achieved, capacities would need to be expanded in the
Nordic and EEC-9 regions regardless of whether forest decline occurs as we
have simulated it. Of course, the degree of capacity expansion is significantly
less in the decline case than in the other scenarios. In the case of the Cen
tral region, all scenarios show that significant overcapacity exists. Policies
relating to softe~iJ'lg the impact of capacity closures and to restructuring the
industry will be needed. Finally, in the Southern and Eastern regions, if for
est decline persists 'as we assume it will in the Forest Study Decline Scenario,



Policy Implications of Continued Forest Decline 183

Table 9.4. Industrial capacities (IC) in 1987-1988 and 1987 actual har-
vests and potential harvests under the Forest Study Scenarios. Data for the
scenarios are 100-year averages. Percent of IC in parentheses.

Forest Study Scenarios

1987-1988 1987 Forest Land
Country IC removals Basic Decline Expansion

Region mill. m3 mill. m3 mill. m3 mill. rn3 mill. m3

Finland 55.5 47.5 (86) 59.1 (106) 54.6 (98) 59.1 (106)
Norway 15.3 11.8 (77) 20.6 (135) 19.8 (129) 20.6 (135)
Sweden 77.0 61.4 (79) 75.6 (98) 69.8 (91 ) 78.6 (102)

Nordic 147.8 120.7 (82) 155.3 (105) 114.2 (98) 158.3 (107)

Belg. & Lux. 6.8 3.9 (7) 4.0 (59) 3.3 (49) 4.7 (69)
Denmark 1.8 2.4 (133) 3.3 (183) 2.9 (161) 4.7 (261)
France 49.0 47.4 (97) 56.7 (116) 53.2 (109) 61.8 (126)
FH.G 38.2 37.1 (97) 49.4 (129) 37.5 (98) 52.3 (137)
Ireland 1.3 1.5 (115) 1.9 (146) 1.7 (131) 4.7 (362)
Italy 16.3 9.6 (59) 20.3 (125) 17.2 (106) 22.2 (136)
Netherlands 1.6 1.4 (88) 0.9 (56) 0.7 (44) 1.1 (69)
UK 5.8 5.9 (102) 13.4 (231) 9.7 (167) 17.6 (303)

EEC-9 120.8 109.2 (90) 149.9 (121) 126.2 (101) 169.1 (140)

Austria 24.7 16.9 (68) 17.1 (69) 13.7 (55) .17.6 (71 )
Switzerland 5.7 5.4 (95) 7.5 (132) 5.1 (89) 7.7 (135)

Central 30.4 22.3 (73) 24.7 (81 ) 18.8 (62) 25.3 (83)

Greece 4.6 3.4 (74) 2.8 (61) 2.7 (59) 2.8 (61 )
Portugal 12.6 11.5 (91) 7.4 (59) 5.9 (47) 10.3 (82)
Spain 25.4 21.9 (86) 17.8 (70) 17.8 (70) 20.0 (79)
Turkey 20.1 17.8 (89) 27.0 (131) 24.2 (120) 27.0 (134)
Yugoslavia 19.2 17.4 (91 ) 23.2 (121) 20.4 (106) 23.6 (123)

Southern 81.9 72.0 (88) 78.2 (95) 71.0 (87) 83.7 (102)

Bulgaria 6.0 5.1 (85) 8.6 (143) 6.4 (107) 9.2 (153)
CSFR 21.1 20.7 (98) 23.7(112) 14.2 (67) 23.7 (112)
GOR 13.9 12.5 (90) 14.6 (105) 9.7 (70) 14.6 (105)
Hungary 7.7 7.1 (92) 8.5 (110) 5.5 (71 ) 9.5 (123)
Poland 30.7 27.3 (89) 30.5 (99) 19.4 (63) 30.9 (102)
Romania 29.8 26.9 (90) 40.2 (135) 36.4 (122) 40.2 (135)

Eastern 109.2 99.6 (91) 126.1 (116) 91.6 (83) 128.1 (117)

Europe 490.1 423.7 (87) 531.1 (109) 451.8 (92) 564.5 (115)



184 Future Forest Resources of Western and Eastern Europe

current overcapacity will be exacerbated. If forest decline does not persist
and biological potential harvests can take place, processing capacities will
need to be expanded significantly. In these regions, it becomes crucial to
undertake applied policy analyses linking potential forest-resource futures
and industrial futures. It would be relatively easy under such uncertain
circumstances to make the wrong decisions.

9.5 Non-Timber Forest Values

Ilecause of serious paucities of appropriate data and functional relationships
for building forecasting models, we have been unable to prepare Europewide
scenarios of future non-timber forest benefits and their responses to changillg
forest structure and to pollution-induced forest decline. This is unfortunate
because forest owners and the general public are ascribing increased impor
tance to non-wood forest benefits such as recreation, wildlife habitat, soil
and water protection, microclimate amelioration, and carbon sequestration.
In this section we wish to consider two distinct characteristics of non-wood
forest values: the role of these values in restricting actual wood harvests
from attaining biological potentials and the potential role of air pollutants
in reducing these values.

9.5.1 Role in restricting potential wood harvests

Typical European forest-management practices focus on timber production
and usually involve mono-specific, even-aged stands, which are mainly conif
erous. These stands are normally not allowed to persist long into the mature
phase before they are clear-cut. Rigorous application of such silvicultural
practices on a large forest would result in a fairly young forest wi th a bal
anced age-class structure that is void of overmature stands. Many European
landowners seem to feel that timber-production silviculture is not entirely
appropriate for land that should produce a balanced mix of benefits or, in
deed, mainly non-timber benefits. They see more appropriate silviculture for
forest stands, primarily for recreation and protection purposes, as including
mixed species (uneven-aged management often with significant proportions
of overmature trees). This is not to say that timber-production forests pro
vide no significant recreational and protection benefi ts, nor that recreation
and protection forests can provide no timber Jlows. However, traditional tim
ber production probably does not concomitantly produce the highest recre
ation and protection benefit flows, and recreation and protection forests do
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not yield the volumes of reasonable-cost timber that can be achieved from
the same landbase under timber-oriented management.

Presently, we sense a strong wave in Europe, and in North America, to
ward multiple-use forests with less emphasis on timber production and more
emphasis on non-timber values. Given the momentum of this broadly based
environmentalism in a relatively affluent Europe, we expect this revaluation
of forest benefits to continue. For the forest-products industry, this likely
means the following: wood supplies may become more scarce, which would
drive competition and prices up, or even if wood supplies were to remain
stable or to increase, prices may go up owing to implementation of more
environmentally sensitive silviculture.

With respect to implications of these trends, clearly governments will try
to achieve: plentiful, healthy, attractive forestsj a thriving forest-products
sector that contributes to national economic developmentj and a forest in
dustry that produces competitively priced, wood-derived consumer prod
ucts. Policies aimed at providing plentiful, healthr, and attractive forests
may need to foster forest-land expansion programs and changes in silvicul
ture not only to maintain stand vitality through judicious implementation
of timber harvests but to improve both stand vitality and attractiveness
through changes in stand age-class structure and species composition. Poli
cies to enhance the viability of the forest-products sector may need to focus
not only on forest-land expansions, but also on public-education programs
outlining the importance of timber harvests both to keep stands in a resilient
condition and to provide raw materials for strategically important industries.
Finally, policies for achieving competitively priced consumer products may
need to encourage development of much more efficient harvest and silvicul
tural technologies to counterbalance increased costs of operations in recre
ation and protection forests. Achieving the balance will be difficult indeed,
and we may therefore anticipate increased controversies over forest-land use
and forest-management practices in Europe in the future.

9.5.2 Potential effects of air pollutants

We have already demonstrated the likely serious effects of continued
pollution-induced forest decline on biological potential wood supplies and
thus on the forest-products industry. Forest decline shows no discrimination
for forest values and will negatively affect all non-timber benefits as well.
The scant literature on effects of air pollution on non-timber forest values
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(e.g., Metz, 1988; Duinker and Stoklasa, 1988) suggests that the losses as
sociated with impacts on non-timber benefits may significantly overshadow
losses associated with timber.

Potential impacts of continued air pollution in Europe on non-timber
forest values strongly indicate two lines of policy development. First, these
impacts lend additional weight to the call for more vigorous schedules and
programs for air-pollution control. Second, they underline the importance
of implementing changes in silviculture practices that will maximize forest
stand vitality and resistance to air-pollution stress.

9.6 Research and Monitoring

Through our intensive analytical work and our discussions with forest-policy
experts throughout Europe, we find that new or strengthened policies are
required in the following areas of research and monitoring.

9.6.1 Basic forest inventory

A fundamental prerequisite of quantitative forest-policy analysis is a sound
forest inventory. Such an inventory should serve not merely as a snapshot of
current forest composition and structure, but also as an indicator of "cur
rent conditions" in simulation models that project inventory change through
time as influenced by such factors as stand aging and succession, harvest
and silviculture, and air-pollution stress. Some countries in Europe are al
ready taking excellent inventories as a basis for policy analyses (e.g., Sweden,
Poland, France), whereas others have yet to design and implement strong
inventory programs (e.g., Spain, Greece, Turkey).

9.6.2 Monitoring forest conditions

Fortunately, most countries in Europe are already conforming to the ba
sic requirements of the UN-ECE protocol for monitoring forest decline by
assessing the density and discoloration of tree canopies. This monitoring
activity is well established throughout most of Europe, although it requires
strengthening in the Southern region.

The main decline indicators, i.e., defoliation and foliage discoloration,
suffer from two key problems: they are both subjective estimates, and thus
susceptible to observer biases; and they are not useful as early warning indi
cators of pollution-induced decline because they cannot identify the factors
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which affect them. There is a need to develop and implement more objective
and discriminating variables for Continentwide monitoring of forest decline.

9.6.3 Effects of pollutants on stand growth and yield

Probably the weakest link in knowledge of the cause-effect chain between air
pollutant emissions and forest decline is basic understanding of how atmo
spheric concentrations and ground depositions of various pollutants actually
affect a wide range of forest stands that differ by age, species composition,
site quality, silvicultural/sanitary condition, etc. We are convinced that the
strongest evidence for building such relationships for use in forest-level im
pact simulators will come from insightfully designed research programs com
bining stand-level simulation with field-data measurements. Already several
laboratories in Europe are building and testing stand-level simulators for
analyzing air-pollution impacts. Every country ought to sponsor research of
this type so that the stock of new data is rich and represents a wide range
of pollutants, stand types, and conditions. Perhaps a coordinated network
or consortium of research institutions working on this theme ought to be
established.

9.6.4 Region-scale scenario analysis of potential wood
supplies

While it is a basic forest-management principle that long-term future forest
performance is predicated basically on near-term actions, our study empha
sizes the need to make quantitative, internally consistent, long-term projec
tions of forest response to management and air pollution to discover what
policies are reasonable to pursue now. It is not enough, especially during
this period of attention to resource stewardship and sustainable develop
ment, simply to react to changing resource conditions as they occur and
focus only on maintaining current levels and types of economic activity.

The kind of quantitative scenario building in which we have engaged,
and which we strongly propose should be undertaken in every country, does
not have the purpose of sketching most likely forest-sector futures; rather,
the purpose is to discover what policies make sense under a wide range of
possible futures and what specific information should be generated to im
prove our abilities to manage forest resources properly. Policy choice can
be greatly enlightened with the increased understanding of resource-system
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dynamics that comes from quantitative scenario analysis. Thus, our conclu
sion is that each country should be studying forest-sector futures with the
aid of quantitative simulation tools for building possible alternative scenar
ios. With respect to the influence of air pollutants on forest condition, there
is a need to complement our work on sulfur and nitrogen pollutants with
analyses of ozone, and perhaps other pollutants.

9.6.5 Determination of economic wood supply

A vital caveat on the results of our analyses is that we have calculated bio
logical potential wood supplies for all forests where industrial timber harvest
is permitted. Thus, we have calculated what the forests can produce under
conditions in which all that is produced is actually harvested. Such analy
ses assume that future potential harvests may be higher when one increases
current harvest, depending on current forest structure and current harvest
rates. In other cases, of course, one may face a situation of current over
harvesting such that future potentials can be raised only if current harvest
levels are reduced.

Several factors interact with each other to prevent actual harvest levels
in each country or region from reaching potential harvest levels, including
inaccessibility of harvestable stands, excessive costs for forest operations,
shortage of labor, depressed roundwood markets, inclination of forest own
ers not to harvest for a variety of reasons, and laws and regulations curtailing
harvests. For at least two reasons, analyses of biological potential harvests
should be supplemented with analyses incorporating realistic assumptions
about harvest restrictions. First, more accurate projections of actual wood
supply would be generated. These projections would certainly be of inter
est throughout the forest sector under an assumption that rcstrictions on
rcaching the biological harvest potential cannot, should not, or will not be
lifted. On the other hand, countries may be quite interested in discovering
the relative importance of each restriction, with an eye to developing poli
cies to lift specific restrictions and trying to capture a greater share of the
biological harvest potential.

9.6.6 Quantification of non-wood forest values

Despite serious shortages of data and understanding, we have been able to
develop quantitative scenarios of forest growing stocks and harvest levels
to analyze basic forest-policy goals relating to maintenance or increases of
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these indicators. Owing to an overwhelming lack of data and information, we
have been unable to build quantitative scenarios of the potential responses
of non-wood forest benefits to continued pollution-induced forest decline.
Moreover, we have also been unable to compare relative forest benefits of
wood and non-wood in our scenarios of biological harvest potentials, and to
use non-wood benefits in developing reasonable restrictions on wood supply.

Interestingly, most European countries have included many issues in their
forest policies that cannot currently be analyzed quantitatively and compre
hensi vely for incisive national policy formulation (Nilsson, 198£1b). These
issues include increasing forest productivity, improving the social and envi
ronmental values of forestry, avoiding forest decline, improving forest-sector
profitability, and improving rural development based on forestry. We believe
that sound policies for addressing these issues must be based on appropri
ately scaled quantitative analyses including simulation and scenario building.
Therefore, we urge countries that consider such forest-policy objectives as
significant to begin the important work of gathering the data and undertak
ing the cause-effect research required to analyze future possibilities to reach
these objectives.

9.6.7 Climate change

Our work has dealt with just some major air pollutants, i.e., sulfur and
nitrogen, and their potential effects on European forests and the forest sector.
Current debates on global environmental change point strongly to what could
be an even more important threat to forests worldwide, namely, atmospheric
carbon dioxide. Preliminary indications are that forests around the world,
particularly in temperate areas such as Europe, may suffer increased declines
as the global climate warms and precipitation patterns change. We strongly
believe that analyses of the potential responses of European forests to a
changing future climate, similar in structure to the work reported in this
book, need to be undertaken soon. After the first stage of such analyses, it
will be important to look at simultaneous threats to European forests from
both air pollutants and climatic change in combination. Analytical systems
of the kind we have implemented should be expanded to explore tile potential
effects of climate change on European forests.





Epilogue

Forests are strategic resources for human well-being, and their importance
will without doubt increase in the future. The forest landbase in Europe is
fairly stable, but will likely increase since many governments are making poli
cies with this goal in mind. With careful and insightful forest-resource man
agement and policy formulation across Europe, forest resources can surely
provide more wood and non-wood benefits, but only if the threat of air
pollution can be avoided.

We conclude that immediate targeted reductions of air pollutants in Eu
rope are required. However, even complete success in controlling the major
damaging air pollutants will not be enough to remove all signs of stress in
European forests. We believe that inadequate implementation of good silvi
cultural practices is also responsible for much of the decline visible today, so
improvements in implementing basic forest management are also required.
Emissions of noxious air pollutants will continue in the near future. There
fore, the European forest sector needs to implement silvicultural practices
that help mitigate the damaging effects of air pollutants. European policy
makers have a responsibility to humanity to conserve Europe's forests and
keep them in a vital condition.

With respect to forest resources, Europeans are facing several complex
problems:

(1) Pollutant emissions are unlikely to be controlled as rapidly and compre
hensively as desirable.

(2) Several major polluting countries in Europe face uncertain political and
economic futures, at least over the near to medium term.

(3) A host of constraints will act to prevent easy improvement of the vitality
of forest resources.

(4) Many policymakers have a pessimistic outlook on the possibilities to
expand the forest landbase.

191
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(5) Strong demands for both non-wood benefits and forest products can be
expected in the coming decades.

(6) Lower prices may be foreseen for round wood on international markets.
This development, which is due mainly to fewer trade barriers, may re
sult in lower incentives for European landowners to harvest roundwood,
intensify management, and afforest land.

Design and implementation of policies to cope with or even alleviate these
problems will require strong partnerships among industrial, governmental,
and environmental interests. Building the trust required, raising the criti
cal awareness, generating the needed understanding, and finding resources
for tackling the forest-decline problem expeditiously and effectively call for
a cooperation of economic and environmental interests paralleled only by
the need to address global problems such as climatic change and tropical
deforestation.
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A.I Introduction

The prognosis and decision support model for environmental conservation
(PEM U/ AIR) has two major components: the pollutant emission and trans
port model and the pine stand decline model. The PEMU system lias been
described in detail by llellmann and Lasch (1988a and 1988b) and Hellmann
et al. (1988 and 1990).

The PEMU pollutant emission and transport model works with emission
and deposition matrices (concentrations and dry and wet depositions) for
specifically classified sources. The transfer matrices are based on a three
dimensional partial differential equation with the inputs of meteorological
data and S02 and NO x emission data from point sources which yield S02,
NO x , and N03 concentrations and Sand N depositions. These output vari
ables arc calculated for different weather classes, which are based on average
wind velocity, precipitation, and specific wind data for seasons, time of day,
and different regions. llased on this information, grid calculations or re
ceptor point calculations are carried out. The depositions are calculated
for total, dry, and wet depositions. Thus, with this model component the
deposition pattern can, for example, be calculated for different abatement
strategies of and effects on the regions studied.

Linked to this model is the pine stand decline model (PSD) which de
scribes the decline effects at different deposition rates. The PSD model is
based on field observations at a set of test sites along a deposition gradi
ent, gas chamber experiments, chemical analyses of needles, soil, and bark,
and established pine yield table equations for forest production. The driv
ing forces of the model are time series on S02 and NO x concentrations. The
PSD model calculates various time series - e.g., loss of foliage (foliage index),
stem wood and needle growth rates, mortality rate, stand density, and the
probability of a stand being fully productive and alive. These calculations
are carried out for different age classes of the stand, for different site classes,
for different classes of alkalinity, and for different trophic levels of the sites.

The model accounts for both direct and indirect ways that sulfur and
nitrogen components are accumulated. The main PSD modules controlling
the dynamics of the state variables, or algorithmic component (ALG), are:

ALG 1:
ALG 2:
ALG 3:
ALG 4:

Air and soil pathways response.
Maximal dose compensation rate for test sites.
Foliage index at test sites.
Compensation rate function.
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ALG 5:
ALG 6:
ALG 7:
ALG 8:
ALG 9:
ALG 10:
ALG 11:
ALG 12:

Maximal dose compensation rate.
Foliage index at non-test sites.
Reduction in stem volume growth rate.
Increase in stem volume growth rate.
Stem volume growth rate - long-term adaptation of parameters.
Stem volume mortality rate.
Recommended harvesting rate.
Stand density.

The PSD model also calculates other effect parameters. Examples of
these parameters are:

• Needle growth rate.
• Breast height diameter of harvested and standing volume.
• Height of harvested and standing volume.
• Point in time when productivity losses occur (abnormal growth rate in

comparison with yield tables).
• Point in time when collapse of the stand occurs.
• Probability of a stand being fully productive.
• Probability of a stand being alive.

As indicated above, the entire PSD model is described by Bellmann and
Lasch (1988a). The objective of this Appendix is to give an overview of the
foliage decline module of the PSD model. The description deals with the
structure of the module and numerical data for parameter estimation of the
foliage decline module, i.e., it deals with the algorithmic components ALG 1
to ALG 6. For discussions on the modifications of functions for the growth
rate of stem wood and the mortality rate depending on the foliage index,
i.e., algorithmic components ALG 7 to ALG 10, see Bellmann and Lasch
(1988a).

The basic approach to modeling the loss of foliage caused by air pollu
tants is an expansion of a well-known dose response concept described and
applied by Makela (1985) and Makela et al. (1987) for spruce decline. They
report on different stand responses under specific site and emission charac
teristics. In comparison with this approach the PSD module also considers
different dose compensation capabilities at different sites.

The cumulative dose response concept for S02 spruce-decline risk cal
culations according to Makela (1985) and Makela et al. (1987) is a static
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approach for forecasting the stand collapse points mainly dependent on cu
mulated dose, altitude, and temperature. Our objective was to generate a
more dynamic response concept concerning air pollutants and loss of foliage.

A.2 Characteristics of Experimental Field Sites

The parameter estimations for the foliage decline algorilhm are based on
data from a set of test sites along an S02 concentration gradient. The foliage
index has been measured at each test site together wilh deposition mixtures
(relations between cations and other ions determined by bark analysis) and
with sulfur and nitrogen depositions.

The location of the experimental fields are presented in Figure A .1. The
test sites DlI, PIE, and URW represent high S02 concentration areas and
also represent a more extreme gradient. The sites TlI, ST, and NA repre
sent medium S02 concentration areas. The PL and NE sites represenl low
S02 concentration areas and are one gradient more extreme in the opposite
direction (see parameter SI in Table A.1a).

For each site five plots, each with 25 trees, have becn analyzed. These
trees were also used for bark analysis. The experimental field sites were
established in 1962 and have been consistently observed over time. Tables
A.1a through A.1c describe the aggregated values for each site (average of
five plots).

Tables A.1a and A.1b describe the conditions in 1984, as an average for
the years 1983-1985 if no other information is added to the tables. Table
A.1c describes the concentrations accumulated for the period from 1965 to
1984.

In Table A.1 values for a site called worst case are also given. This worst
site requires further explanation. For a given region under investigation a
worst case test site (WTS) must be identified. The WTS represents the most
damaged site within the region studied and is a refercnce site for which the
following characteristics should be valid:

• Maximum air pollution concentration and depositions (SIwTS).
• Lowest foliage index (LDWTs).
• Poorest soil with lowest nutrient levels (TLWTS).
• No compensation through depositions of basic cations (ALKWTS).

The data for the worst case test site (WTS) for this region are from
one area on the Dijbener Heide (DII) site and are prcscnted in Tables A.1a
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through A.lc (the last two rows). The objective of studying the worst case
test site is to obtain data for calibration of the data from the test sites. The
WT5 data must cover a longer time period. In this case, the WT5 data
cover a first series for the period 1947 to 1962 and a second series for the
period from 1965 to 1982.

A special characteristic of the sites is the alkalinity content of the pollu
tant mixture of the depositions. The alkalinity (expressed by the coefficient
ALK = Ca2+ III+) varies from 0.5 at high 502 concentrations (site DII) to
0.017 at the low concentration sites (NE). The variation of the Ca deposi
tions follows the same pattern as for alkalinity. The Ca2+ and Il+ values are
concentrations measured by bark analysis.

In general, the concentration of Ca2+ increases with increasing 502 con
centrations. The explanation for this relation is that the 502 emitters have
not been equipped with efficient dust filters. The concentration of Il+ in
the bark follows this pattern to a limited extent. Thus, there is no strong
correlation between the concentrations of Il+ and Ca2+ in the bark. These
conclusions are based on information presented in Figu1'es A.2 and A.B.
Based on this information, it can be concluded that alkalinity mainly de
pends on the Ca2+ (see Figures J1.4, A.S, and A.6).

In spite of high 502 concentrations up to 1984, a rather limited pH
decrease has been observed in the soi\. This explains the relatively low
foliage decline observed, despite the high deposition sulfur and high 502

concentrations. Thus, the emission of dust (Ca) has had a buffering impact
on the 502 concentrations.

In Table A.l b an overview is given of N deposition [deposi tion on the free
area (NDF) and deposition under a canopy (ND)]. The cumulative fixation
of N in the upper soil layer (NFR) during a IS-year period (1969 to 1984)
is also presented in Table A.lb. The N fixation rate (NFR) is the result
of Nand Ca input to the humus horizon. The CaiN relation and the N
depositions were observed in 1969 and 1984 at each test site. The changes
during this period in the parameters were used for the NFR calculations.
The N deposition under a canopy and the soil N fixation rate for the sites
are illustrated in Figure A. 7. The relation between the N fixation rate and
the NI Ca index (NCI) is presented in Table A.l b and illustrated in Figure
A.B. NCI has proved to be an important indicator for the N accumulation
in the soils in the test sites. NCr is defined

NCI = N +0.5Ca (kg ha-1 yr- 1 ) .



210 Future Forest Resources of 'Western and Eastern Europe

Ca 2 +(mg/g)
10r------------------------,

8
OH

....... ".

6 H............. .

5T
•

PIE
••••••••••••••••••••••••••••• H ••••••••••••••••••••••••••••••••••

•
URW

2

4 , .

1H
•

NA
NE PL •o ••

o 50 200 250
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In Table A.lb, the last column indicates the nutrient level Of the soils
(trophic level, TL). 1'L is calculated on the base of the soil nutrient ions
and cations of the test sites (O<1'L <10; 0 = poor, 10 = rich). The TL
parameters have a wide range on the actual test sites (3.2-8.2).

In the first column of l'able A.lc an average for the foliage index (LD)
for the years] 983 to 1985 (LDs4 ) is presented. The foliage index is defined
from 0 to 7. A foliage index equal to 7 indicates a complete and undisturbed
set of 3.5 needle age classes.

The basic data used for calculating the site compensation rate KRM AX
(Table A.lc) and the observed foliage index (LD) have been collected by
various research institutes in Germany - the Forestry Biomonitoring Pro
gramme performed by the Forest Management Agency (Potsdam); the Cen
tre of Environmental Management, Division Wittenbergj the Institute of
Forest Sciences (Eberswalde)j and the Institute for Landscape Research and
Nat ure Conservation, Halle.
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A.3 The Dose Response Concept:
The Decline Functions

In general, dose response relations are employed to describe the way in which
organisms respond to substances applied to them. The response may be a
change in metabolism, sickness, a change in psychological behavior, mortal
ity, and So on. For these approaches the responses of the system under study
is dependent upon exposure time and the characteristics of the system. In
addition, other substances applied simultaneously arc of great importance
for the responses.

Important lessons concerning a cumulative dose response approach can
be learned from cancer epidemiology. Decker (1989a and 1989b) has intro
duced a "system specific resistance component" (cellular repair mechanisms
or immune response) in studying cancer epidemiology. This component de
scribes the filter effect of the applied dose. The system's response only corre
sponds fully with the applied cumulated dose if there is no resistance. This
means that the decline process is not reduced when the system lacks com
pensatory capabilities. This aggregated approach has proved to be fruitful
in cases where detailed knowledge about the causal dependencies concerning
dose responses is limited (Becker, 1989a and 1989b).

In 1987, a similar cumulative dose response concept was developed con
cerning air pollution and foliage loss dynamics. It was implemented in the
P5D model and described by Dellmann and Lasch (1988a) and Dellmann et
al. (1988).

As illustrated in Figure A.9, there seems to be no direct relation between
foliage decline (LD) and 502 concentrations up to a dose of about 100 JLg 502
m-3 . It can therefore be concluded that the ecosystems have a compensation
capability for the 502 dose.

We have also built into our approach some site characteristics (like de
position mixtures, soil nutrient levels, and observed air concentration and
deposition time series) concerning air pollution and foliage decline dynamics;
this was necessary to improve the description of the dynamic process. This
approach is compulsory to characterize site dependent dose compensation
capabili ties.
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A.3.1 Basic assumptions on the dose response model concept
concerning air pollution and foliage decline

The following assumptions were considered for the development of the dose
response model concept concerning foliage decline and air pollutants in the
P5D model:

• The observed needle loss (LD, foliage index) is caused by a direct impact
process (air pathway) as a steady state/noncumulative process or an
indirect impact process (soil pathway) as a cumulative process.

• The foliage decline caused via the soil pathway is a result of a cumulative
and filtered dose of air-pollution concentrations. The filtered size of
the dose depends on the stand's capability to resist the actual doses.
The degree of this dose compensation capability depends on factors like
site characteristics, mixture of pollutants, soil nutrient level, and water
supply.

• In the region studied (the test sites presented in Figure A.I and Tables
A.Ia througll A.1e), the foliage decline is mainly caused by sulfur (the
so-called classic decline) in combination with ovcrfertilization of nitrogen.
The ozone concentrations are moderate and homogeneous in the region.
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• The dose response is further increased by water stress and extreme
temperatures.

The overall scheme of the dose response calculation concerning the foliage
decline in the PSO model is illustrated in Figure A.10.

Defore discussing the dose response calculations presented in Figure
A.10, we would like to introduce the definitions of some key parameters
and variables:

Lomax

LO(t)
OLDL(t)

DLOIl(t)

LOD(t)

AKI(t)

KKI(t)

KRMAX

FKR

The unreduced foliage index for the region, site, or stand 
Lomax == 7, i.e., 0<LD<7.
The total foliage index at year t.
The foliage index loss attributable to the air pathway at
year t.
The cumulated foliage index loss owing to the soil pathway
up to year t.
The resulting foliage index after deduction of the cumulated
foliage loss caused by soil pathway up to year t.
Cumulated part of total dose which leads to needle loss at
year t. This can also be termed the active cumulated dose.
Cumulated nonactive (compensated) part of the dose
which does not lead to any needle loss up to year t.
Annual maximal dose compensation capability calculated
according to retrospective analyses, based on KKI.
A shifter (constant) for decreasing annual dose compensa
tion capability due to a decreased foliage index [LD(t - 1)].

The dynamics of the foliage index, LO( t), is assumed to follow the fol
lowing formulas:

LD(t)
LD(t) ==
LDIl(t)
DLDB(t)
AKI(t)
DAI(t)
DAI(t)
SI(t) ==
DKI(t)

Lomax - DLDIl(t) - DLDL(t), which means
LDD(t) - DLOL(t), where
7 - DLDD(t), where
bB x AKJ(t), where
AKI(t-1) + DAT(t), where
active dose at year t, so
SI(t) - DKI(t), where
total dose at year t, and
nonactive (compensated) dose at year t.
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Figure A.IO. The dose response calculation scheme for foliage decline in
the PSD model.



218 Future Forest Resources of Westeru and Eastern Europe

A.3.2 Foliage decline caused by direct impacts:
The air pathway

A linear relationsllip between air pathway decline and the 502 dose (502

concentration) is calculated according to the following formula (see box 10
in Figure A.l0):

DLDL =bL X 51 ,

where DLDL is the foliage index decline caused through the air pathway, 51
is the total 502 concentration in J1.g per cubic meter, and bL is the regression
coefficient for the air pathway decline.

The estimation of the coefficient bL is based on three years of gas chamber
investigations by Schulz (1986). TIle investigations were carried out with
depositions of 800 J1.g 502 m-3 on three age classes of needles. The mean
needle percentage was analyzed by age class: age class 1, 90 percent; age
class 2, 55 percent; and age class 3, 0 percent. The total needle content for
all three age classes of needles amounted to a total of 145 percent, which
corresponds to a foliage index (LD) of 4. Thus, the estimated foliage index
loss through air pathway (DLDL) is equal to 3. Therefore, the regression
coefficient bL of 0.0037 has been used in most analyses with the PSD model
concerning foliage decline as a result of the air pathway. We have, in some
cases, worked with nonlinear relations, although these are not presented
here.

A.3.3 Foliage decline caused by indirect impacts:
The soil pathway

Following the dose compensation concept, the indirect impact dose is con
sidered to be divided into two parts - one active and one nonactive (com
pensated) - according to the following formula:

SJ(t) = DAI(t) +DKJ(t) ,

where SI(t) is total 502 concentration dose at year t, DAJ(t) is the active
dose portion causing foliage decline at year t, and DKI(t) is the compensated
dose portion causing no foliage decline at year t.

Both DAI(t) and DKI(t) are cumulating variables, leading to the vari
ables AKI(t) and KKI(t), respectively (see 5, 6, 8, and 9 in Figure A.l0).
KI(t) is calculated according to the following equation:

KI(t) = AKI(t) +KKI(t) ,
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Figure A .11. Breakdown of the total cumulated dose, KI.

where KI(t) is total cumulated dose of 502 at year t, AKI(t) is cumulated
part of the total dose leading to needle loss up to year t (active dose), and
KKI( t) is cumulated part of the total dose up to year t which does not lead
to any needle loss (nonactive dose).

Analyses of actual 50 2 concentrations (dose) time series at a given test
site during an observed decline interval (DI) and analyses of the foliage loss
during this period constitute the basis for the calculation of the maximal
dose compensation rate (KRMAX) on the actual site.

The breakdown of the cumulated total dose, KI( t·), during the decline
interval, DI = [TOP], into one active part, AKI, and one nonactive part,
KKI, is illustrated in Figure A.11.

TO is the point in time when the first irreversible needle losses (decline
of foliage index) are observed, and t· is the end point of the time period
studied. For the analyses TO is the year 1965 and t· is the year 1984. For
the worst test site (WT5) analyses for the first time period, TO is the year
1947 and t· is the year 1962.
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The time series on concentrations (SI) and accumulations are based on
observations from the test sites backed up and calibrated by historical sta
tistical data on industrial development and energy production in the region
studied.

As discussed earlier, KKI( t*) is a measure for the cumulated compensa
tion capability of a specific site during the decline period TO to t*, which
does not cause any foliage decline.

The mean annual compensated dose rate (MKR) is defined according to:

MKR == KKI(t*)/DI ,

where DI is TO - t*.
The compensation rate, estimated with the help of the time series, is a

maximal rate. A reduction of the compensation capability takes place with
decreasing stand vitality (declining foliage index, loss of needles). This is in
line with findings by Ulrich (1989) and Ulrich and Pankrath (1983). These
findings emphasize that the buffer quota of protons vary with the vitality of
the tree. For this reason the mean annual compensated dose (MKR) is not
always equal to the maximal compensation capability (KRMAX). To obtain
a correct estimate on absolute KRMAX, a correction of MKR is needed
according to the following:

KRMAX == MKR/FKR I

where FKR is an empirical function derived from field observations from the
sites (discussed later in Section AA and illustrated in Figure A .17). The
relative compensation rate RKR(t*) is defined as the following:

RKR(t*) == KRMAX(t*)/SI(t*) ,

where KRMAX(t*) is calculated from the interval (TO, t*) and SI(t*) is the
S02 concentration in the year t*. RKR depends on the alkalinity of the pol
lutant mixture and the nutrient level of the site. These conditions change
over time. Therefore, taking into account possihle differences bel ween ob
served decline data and parallel model calculations, RKR must be correcled
approximately every five years. This correction can be carried Ollt by us
ing the relation given later in Figure A.14 or by repeating the KRMAX
calculations according to the steps presented in Table A.2.

In Figure A.12 the needle losses (foliage index) from the soil pathway
in 1984 [LDlJ(84)] for the nine sites are plotted against the total cumulated
dose [KI(84)]. In Figure A.12, it can be seen that some sites (e.g., PIE, DII+,



Appendix A

Table A.2. Steps for calculating absolute KRMAX for each test
site.
Step (1) Cumulated dose:

c=t·

KI = L SI(t); TO = 1965, to = 1984
I=TO

TO = time point of first irreversible foliage losses.
to = time point of present foliage index observation, LD(tO).

Step (2) Active cumulated dose:

AKI = [7-LDll(tO)1/b~s

following

LDll(tO) = 7 - b~s x AKI (see Figure A.12)
bIs = 0.003827.

Step (3) Following the additive concept introdu~ed for
direct and indirect damage pathways, then

LD(tO) = LDll(tO) - DLDL(tO)

and

LDll(tO) = LD(tO) + DLDL(tO)
DLDL(tO) =bis x SI(tO); bP =0.0037.

Step (4) Compensated cumulated dose - nonactive part.
KKI(tO) = KI(tO) - AKI(tO)

Step (5) Maximal compensation rate:

KRMAX = MKH./FKH.

FKH. (LD) - see 7 in Figure A.l0 and Figure A.17

FKR = { ~'~~~i< 1 see Figure A.17

0$ KR $ 7 I otherwise

(LD) = (7 + LD)/2

MKR = KKI/DI

Dl =TO - to (decline interval).

Step (6) Relative compensation rate:

RKH. = KRMAX/SI.

221
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Figure A.12. Test site dose response analysis: observed LUll (84) for the
test sites and calculation.

DH-), in spite ofa high cumulated dose (KI), have had only moderate foliage
decline. The lengths of the horizontal lines between the plotted LDB(84) and
plotted KI(84) and the resulting value of the linearly decreasing function wi th
the coefficient b~s illustrate the nonactive part [KKI(84)] of the cumulated
dose KI(84) for the period from 1965 to 1984 (TS is used as an index for
test site).

Thus, the length of the horizontal lines gives an estimate for the com
pensation capability during the decline period st udied. The vertical lines in
Figure A.l2 illustrate the corresponding cumulated active part of the dose
for the specific sites that cause foliage decline [AKJ(81)]. The numerical
values for the sites are given in Table A.le.

Tlte Worst Case Analysis

As discussed earlier, for each region studied a worst case test site (WTS)
must be defined. The WTS represents the most damaged site within the
region and is a reference site with the following characteristics:

• Having a maximum load of S02 concentrations and S depositions
(SIWTS).

• Having the lowest foliage index, heaviest loss of needles (LDwTS).
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• Having the poorest soil conditions with the lowest nutrient level
(TLWTS).

• Having no or a low compensating capability of basic cations (ALKWTS).

Under such conditions, the total cumulated dose (KlwTS ) is equal to
the active part of the cumulated dose (AKIWTS). This implies that the
nonactive accumulated dose (KKlwTs) and the maximal compensation rate
(KRMAX) are zero.

In this case, the worst case site data are from Diibener Heide (DIl)
(Tables A.la through A.lc). The decline interval covers the period 1947
(TO) to 1962 (to) with the following foliage indices: LD(TO) = 7 and LD(t")
= 2.50. The foliage index was calculated on measurements from 2,272 trees
from 20 plots (Lux, 1965). The cumulated total dose [KI(62)] for the period
studied was 976 p,g S02 m-3 •

The decline in the foliage index is estimated to follow a linear function
between increasing cumulated AKI (active dose) and a decrease in the foliage
index (LDD) according to the regression

LDD = 7 - b~TS X AKI ,

where LDD is the foliage index caused by the soil pathway.
The estimate of the coefficient b~TS is given by the expression:

b~TS = [LDmax - LDD(tOWKI(t") ,

which gives

0.004314 = (7 - 2.79)/976,

where

LDD(t") = LD(tO) +DLDL(tO) : to = 1962 ,

with

2.79 = 2.50 +0.29 ,

0.29 refers to losses through air pathway. The calculation is illustrated in
Figure A.13.

In cases with high compensation rates (high nonactive parts of the dose),
the accumulated active part of the dose will grow slowly and the foliage index
will decrease slowly. Thus, the annual decline steps are small.
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The worst case analyses were also carried out for the period 1965 to 1982.
In this case the following regression was achieved:

b~TS = (7 - 0.6)/1672 = 0.003827 .

This worst case value for 1982 [LDwTS(1982)] is regarded to reflect the
trends observed in data concerning missing compensation effect of Ca and
N depositions in an efficient way.

In Figure A.12, the foliage indices caused by the active part of the cu
mulated dose (LDD) are plotted over the total cumulated dose (K1) for the
12 test sites during the period 1965 to 1984. As discussed earlier the foliage
indices have been calculated according the following formula:

LDD(t*) = 7 - b~TS X AK1(t*) .

The cumulated part of the dose which causes foliage decline [AKI(t*)] is
calculated for each specific site according to the formula:

AK1(t*) = [7 - LDn(t*)lIb~s .
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By fonowing the steps listed in Table A.2, the absolute KRMAX and the
relative KRMAX were calculated for each test site. The results are presented
in Table A.le.

Correction of the Compensation Rate

In Figures A.14, A.15, and A.16 the relative compensation rates (RKR) are
plotted over the alkalinity coefficient (ALK), the N/Ca index (NCI), and the
N fixation rate (NFR), respectively. From Figure A.14, it can be seen that
the relative compensation rate depends on tIle concentration of alkalinity
and N deposition (see sites PIE and DII+ in Figure A.14i site DII+ has
been fertilized with extra N). In the case of low NCls (0 to 60 in Figure
A.15), intermediate relative compensation rates (RKR) were found. High
RKRs were found in situations with high NCls (60 to 160 in Figure A.15).
A similar dependence on the relative compensation rate can be identified for
the N fixation rate (see Figm'e A.16).

From other field observations and experiments on the nitrogen cycle (see
IIeinsdorf, 1978 and 1988; Hofmann et al., 1990) it can be concluded that
an increase in increment can be expected as long as the nitrogen depositions
do not exceed the optimal N content of the needles (1.8 to 2.0 percent N
of dry weight). Dased on these observations it can be concluded that the
compensation effects of Ca and N depositions shown in Figures A.14, A.15,
and A.16 only hold in the case with nonoptimal N levels in the soil and the
needles.

AA Summing up the Foliage Decline Calculations
(LD Foliage Index)

The annual increment of stem wood, the needle growth, and mortality rates
in the pine stand decline (PSD) model depend on the development of the
foliage index and whether or not the stand is fertilized with nitrogen. These
functions are based on comprehensive field experiments with sample plots or
different age, site index, and stand density. These functions are described
by Dellmann and Lasch (1988a). The objective of this section is to explain
the foliage index calculations. Figure A.l0 is used as a starting point to
describe these calculations beginning at to = t*.

The driving force for forest decline is the total cumulated dose of S02
concentrations (1 in Figure A.l0). This total dose inlluences the stand in
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Figure A.16. Relative dose compensation rate (RKR) depending on N
fixation rate (NFR).

two ways. The first is through an air pathway which has a direct impact on
the trees in the stand (10 in Figure A.I0). The foliage loss attributed to the
direct impact at time t (DLDL) is calculated according to the formula:

DLDL(t) = b[5 X SI(t), bIs = 0.0037 .

The second way the stand is influenced by S02 is indirectly, through the
soil pathway. The total dose SI( t) via the soil pathway is reduced by the
compensated dose, Le., that part of the dose that does not generate any
decline effects. This filtering process of the soil pathway dose (2 in Figure
A.I0) is calculated according to the following:

DKI(t) = KRMAX X FKR(t) ,

where KRMAX = RKR X ST(t).
In this function DKI (5 in Figure A.I0) stands for the compensated dose,

which means the nonactive part of the soil pathway dose. The calculation
of KRMAX (3 in Figure A.I0) is illustrated in Table 11.2. This is also valid
for the relative compensation rate (RKR, 4 in Figure A.lO).
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Figure A.17. Nonlinear feedback function FKR for control of the dose
filtering process.

The feedback function for calibration of the compensation capability due
to decreased vitality (decreased foliage index, FKR, 7 in Figure A.l0) is de
rived from field observations on the different sites and is presented in Figure
A.17. The compensating capacity is decreased as vitality decreases. FN
stands for a modifying function, which alters the compensation capability
owing to trophic status of the soils and the number of years with N fertil
ization. The function FN has to be adapted for certain intervals.

The annual active dose (DAI, 6 in Figure A.l0) is cumulated over time
to AKI (8 in Figure A.l0) according to the following calculations:

AKI(t) = AKI(t - 1) +DAI(t)
DAI(t) = 51(t) - DKI(t) .

The cumulated active dose controls the foliage index (inlluenced by the
soil patllwayj 9 in Figure A.l0) according to the following:

LDD(t) = 7 - b~s X AKI(t)j b~s =0.003827 .

The total foliage index LD (11 in Figure A.lO) is the result of the influ
ence of both the air pathway and the soil pathway according to:

LD(t) = LDB(t) - DLDL(t) .
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Table A.3. Relative foliage (FOL) in percent.
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Decline class

o
1
2
3
4

Needle content

90 < FOL < 100
75 < FOL < 90
40 < FOL < 75

5 < FOL < 40
0< FOL < 5

A.5 Uncertainty Analysis

Test studies were performed at a test site with a high concentration of 502

(109 JLg 502 m-3 ) and a high compensation rate (61 JLg 502 m-3 ). This
dose leads to a certain decline response by the stand which was disturbed
by various stochastic processes. The Monte Carlo ability of the simulation
system 50NCIIE5 was used for studying the effects. The stochastic pro
cesses were applied to the input process of 502 (&tep-by-step input noise)
and to the mapped internal key processes that control the decline dynamics,
mainly owing to biological variability in realizing the compensating ability
described by tIle process parameter KRMAX step by step. Three stochastic
processes were considered:

• 50 2 concentration: equal distribution (E) with deviation (D) = ± 30
percent.

• 502 concentration: normal distribution (N) with s = ± 30 percent.
KRMAX: normal distribution (N) with s = ± 30 percent.

• 502 concentration: equal distribution (E) with deviation (D) = ± 30
percent.

• KRMAX: normal distribution (N) with s = ± 30 percent.

In Figure A.18 other results concerning the decline class (DC) are pre
sented. The decline class dynamics were calculated with the statistical a
equal to 0.1 percent confidence interval and the maxima and minima are
shown in Figure A.18. The decline classes are defined in Table A.3.

It can be seen that the input noise alone (50 2 concentration) leads to
an extreme deviation from the mean of 0.5 decline class units in all decline
classes. Internal process noise (biological variabili ty), both with and wi th
out input stochastics, leads to an extreme increase of the deviation up to ±
1.5 ... ± 2.0. Thus it can be concluded that internal system noises domi
nate the uncertainty of the decline process. This statement can be further
substantiated with the statistics presented in Table A.4.
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Figure A.IB. Uncertainty analysis of decline classes (loss of foliage).
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s(X)s%8MeanAge

Table A.4. Statistical estimates for decline class (DC) for full stochastics.
S02 concentration: equal distribution (E) with deviation (D) equal to ± 30
percent and KRMAX normal distribution (N) with s equal to ± 30 percent.

(}' = 0.1%
conr. interval

51
55
60
65
68
70

0.95 0.81,1.09 0.930 97.0
1.36 1.23, 1.49 0.910 67.0
2.14 2.05,2.23 0.610 28.0
3.19 3.12,3.26 0.510 16.0
3.96 3.93,3.99 0.200 5.1
4.00 3.99,4.00 0.043 1.2

0.04150
0.04060
0.02720
0.02270
0.00892
0.00192

To analyze the sensitivity of the precision of the input parameters to
the precision of output, specific sensitivity analyses were carried out by the
SONCHES software on the pine stand decline model. The results concerning
the precision of KRMAX (compensation capability) and the full productivity
age limit (AEP) are presented in Figure A.19. Full productivity is achieved
in the 0 and 1 decline classes. The analyses show that an inaccurate es
timation of the compensation rate does not seem to be too serious. The
allowed interval for KRMAX is 22 percent to -30 percent. It also means
that the decline estimates (foliage decline) are not extremely sensitive to the
site condi tions.

These sensitivity analyses have been further discussed by Hellmann and
Lasch (1990).

~.6 Nitrogen Effects

A.6.! Introduction

The basic data from the test sites used by the PSD model (see Table A.la
to A.1e) illustrate that there has been a strong accumulation effect of both
sulfur and nitrogen over time on the test sites. The critical/target loads for
both sulfur and nitrogen employed by the Forest Study have been reached or
exceeded. This means that the decline effects calculated by the PSD model,
and employed by the Forest Study, take into account the individual as well
as the combined effects of sulfur and nitrogen depositions even if only the
sulfur deposition has been used as tile entry parameter in the calculations.
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Figure A.19. Sensitivity analysis of the precision required for the compen
sation rate (KRMAX).
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It is known that sulfur is only partially responsible for decline. Nitro
gen can increase the decline process. Therefore, the PSD model has been
extended to include a separate nitrogen component with the objective of il
lustrating how the sulfur and nitrogen pollutants act together in the decline
process. The discussions in Sections A.l through A.5 deal with what hap
pens when the critical/target loads for both sulfur and nitrogen are exceeded
without attempting to separate the effects of the individual pollutants.

The nitrogen component in the extended PSD model is based on exper
imental data from research carried out by the Institute of Forest Sciences,
Eberswalde. Essential contributions to tIle model consist of results presented
by lIeinsdorf (1988) and Hofmann et al. (1990). The following description
is based on research conducted by the Forest Study and the Institute for
Ecosystems Research, Berlin/Halle, and the Institute of Forest Sciences,
Eberswalde (Bellmann et al., 1990).

It should be emphasized that the existing model approach does not dis
tinguish between depositions of nitric oxide or ammonia, but only considers
total nitrogen deposition. The resulLs achieved should also be seen as illus
trations of how sulfur and nitrogen act together in the decline process and
not as general quantifications of the interactions.

A.6.2 Features of nitrogen effects

The nitrogen impact approach is based on investigations from 150 test areas
in seven different regions of northeast Germany with different deposition
characteristics. Additional knowledge about the effects of increased nitrogen
deposition is derived from field experiments described by IIeinsdorf (1988).

Since the nitrogen content of the needles reacts rapidly to changing input
conditions (see Simon and Westendorff, 1988), this reaction has been used for
establishing a relationship between nitrogen depositions and growth rates.
The nitrogen content of the needles has been used in other studies as an in
dicator of changing environmental impacts on growth rate (see Tamm, 1963;
Nihlgard, 1972; Melin, 1986; Schulze, 1989). The nitrogen content of tile nee
dles has also been used for identifying the different developmental stages of
the stand with different depositions of nitrogen. The developmental stages
identified are enrichment, saturation, and damage and dissolution. These
stages are illustrated in Figure A.20. The mortality caused by nitrogen de
position is evident after the decline stage, and the rate of mortality depends
on the load of nitrogen deposition (unpublished material by Hofmann, 1990).
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Figure A.20. Volume growth in relation to the N content of the needles.
Source: Hofmann et al. (1990).

Two major effects of combined sulfur and nitrogen depositions (exceeding
critical/target loads) can be distinguislled:

(a) The nitrogen depositions compensate the individual decline effect of sul
fur depositions during the enrichment and, to some extent, during the
saturation stages of a stand. The fertilization by nitrogen decreases the
mortality rate caused by the sulfur deposition. The reduction in the
growth rate (increment) caused by the sulfur impact is compensated, to
some extent, by nitrogen deposition.

The development of the growth rate (increment) for a 50-year-old
stand with a medium load of S02 is illustrated in Figure A.21. With
out an S02 load, tIle fertilizing effect caused by the nitrogen deposition
increases the growth rate and decreases the mortality rate. This is illus
trated in Figure A.22. The results in Figures A.21 and A.22 arc valid
for medium site classes (24 meters high and 100 years old). Correspond
ing results for low site classes are presented in Figures A.23 and A.24
(18 meters). It is obvious that the growth effects caused by fertilization
from nitrogen are dependent on tIle site quality, in addition to the S02
load. The relative growth effect of tIle fertilization impact is larger for
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Figure A.21. The mean annual stem volume growth rate during 60 years
for a stand with S depositions and with medium site quality (24 meters).
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Figure A.22. The mean annual stem volume growth rate during 60 years
for a stand without S depositions and with medium site quality (24 meters).
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Figure A.23. The mean annual stem growth rate during 60 years for a
stand with S depositions and with low site quality (18 meters).
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Figure A.24. The mean annual stem volume growth rate during 60 years
for a stand without S depositions and Witll low site quality (18 meters).



Appendix A

N content of the needle (dry matter)

2.2
Yearly N dose

'"
2

1.8

1.6

1.4

No N input

237

o 2 3 4 5 6 7 8 9 10 11 12
Years

Figure A.25. N content of the needle, depending on the annual N dose
over a five-year period. Source: Heinsdorf ( 1988).

low site classes in comparison with medium and high site classes because
of a difference in the nutrient content of the soils.

(b) During the decline and disintegration stages the combined effects of sulfur
and nitrogen depositions leads to an increase in decline as compared with

the individual effects of sulfur and nitrogen. This is in line with results
presented by Schulze (1989).

Section A.6.3 will brielly discuss the modules of the nitrogen component
of the PSD model.

A.6.3 The nitrogen modules

Estimation of the N Content of the Needles

The estimated nitrogen content of the needles is based on times series of the
annual level of nitrogen depositions. The accumulation of nitrogen in the
needles has been calculated by means of regression analyses based on time
series on nitrogen depositions and nitrogen content of needles (lleinsdorf,
1988; Hofmann et al., 1990). Figure A.25 shows that in the beginning,
with increased nitrogen depositions (first and second year after increased
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Table A.5.
depositions.
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Estimated life span of a stand as a function of nitrogen

N input per year
in kg N/ha

20
40
60

100

Number of years after which
first decline was identified

28
21

9

Expected life span
110 (full life span)
90
65
45

deposition), the N content of the needles increases drastically although later
on the effect changes to a slightly linear increase. A reduction in the nitrogen
load leads (after a one-year delay) to a decrease in the N content of the
needles where the decrease corresponds to the reduced amount of nitrogen.

Volume Growth Effects of Excess Nitrogen Depositions

Heinsdorf (1988) and Hofmann et al. (1990) generated a growth curve for
the nitrogen content of needles for middle-aged pine stands on medium site
classes. This curve shows an increased volume growth during the enrichment
stage (phase) caused by an increase in the nitrogen content of the needles.
The N content (dry matter) of the needles in the test area under normal
conditions was 1.8 percent. Values over 1.8 percent indicate an oversupply
of nitrogen. In this case the growth effects culminate with an N content of
2.1 percent. Further increases in nitrogen lead to a reduction in growth (see
Figure A.20).

Nitrogen-caused Mortality

The oversupply of nitrogen that causes growth reductions also leads to an
increased mortality rate and, with continuing oversupply, to a collapse of the
stand.

Hofmann et al. (1990) have estimated the expected lifetime of stands
with the current nitrogen load. These estimates are presented in Table A.5
for the test area in question.

TIle reduction in the volume of the stand is expected to follow a linear
function from the time when decline is first identified to the estimated point
of collapse of the stand.



Appendix A 239

Interaction Between Sand N Deposition Impacts

In earlier sections it was noted that stands with low nutritional status are
able to offset the decline effects of sulfur up to a certain level by excess nitro
gen depositions. This conclusion is based on the field experiments presented
in Tables A.la through A.le. This effect was dealt with by the KRMAX pa
rameter (see Section A.3.3). The N compensation effect equations based on
these field experiments cover the range of N content from 1.4 percent to 2.35
percent. According to the results of Heinsdorf (1988) and Hofmann et al.
(1990), the compensation ability decreases gradually at an N content above
2.35 percent. Beyond an N content of 2.5 percent, the compensating effect
of nitrogen becomes zero. This means that in sHch situations, the advantage
of nitrogen depositions disappears and that at high depositions of sulfur the
decline aspec't of sulfur dominates the total decline effect.

A.6.4 Simulation results

The extended PSD model has been employed for six test sites in Tables
A.la through A.lc to illustrate the combined effects of sulfur and nitrogen
depositions. The simulations are only valid under the following conditions:

• Pine stands.
• 40- to 60-year-old stands.
• Medium nutrient conditions.
• Medium site classes, i.e., average height of stand is 24 meters.
• Initial N contents of needles 1.2 percent to 1.8 percent.
• A stand density of 1.

The objective of these simulations has been to obtain insights into the
behavior of the stands under different nutrient conditions and different de
positions of sulfur and nitrogen. In Table A.6, the mean annual S02 con
centrations in 1988 and the initial N content are presented for the test sites.
The nitrogen load varied between 20 to 65 kilograms per hectare at the test
sites.

Two of the test sites have high concentrations of S02 (Dii1>ener Heide
and Urwald WeiBwasser). Three sites represent medium S02 concentrations
(Taubendorfer Heide, Steckby, and Nauen). The test site Neuglobsow rep
resents low S02 concentrations.

The development of the stands were simulated over a period of 60 years.
Simulations are carried out for different N loads and with:
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Table A.6. Description of the test sites.

Site

Diibener Heide (DJJ)
Urwald WeiBwasser (UW)
Taubendorfer I1eide (TIl)
Steckby (ST)
Nauen (NAU)
Neuglobsow (NE)

S02 concentration
in 1988 (Jlg/m3)

143 (high)
116 (high)
72 (medium)
69 (medium)
41 (medium)
18 (low)

Initial N content
of needles (%)

1.6
1.5
1.2
1.8
1.8
1.6

Table A.7. Possibilities of achieving normal life span according to yield
tables.

Requirements for achieving
full life spanInitial

nitrogen
content

Low (1.2%)
Medium (1.5%)
Medium (1.6%)
Medium (1.6%)
Optimal (1.8%)
Optimal (1.8%)

S02 con
centration
(Jlg/m3

)

72 (medium)
116 (high)
143 (high)

18 (low)
69 (medium)
4.1 (medium)

Decline
domin
ated by

S02, N
S02
S02
N
N, S02
N, S02

Required S02
reduction

50-70%
50-70%
70%

50%
50%

Maximum
N load

40kg/ha
20-30kg/ha
20kg/ha
20-40kg/ha
10-20kg/ha
10-20kg/ha

• Full 502 concentration according to 1988 measurements.
• 502 concentration reduced by 30 percent.
• 502 concentration reduced by 50 percent.
• 502 concentration reduced by 70 percent.

Mortality Rate

The objective of these analyses was to illustrate under what conditions it was
possible to achieve a normal, expected life span (according to yield tables)
for the tested stands. The results are summarized in Table A. 7.

From Table A. 7 it can be seen that in cases with medi urn 502 con
centrations and an optimal initial nitrogen content the decline process is
dominated by nitrogen and the stands can carry less excess nitrogen depo
sition in comparison with the other test areas. However, a reduction in the
502 concentration is required to achieve a full life span. Where there is a
low concentration of50 2 and a medium-level initial nitrogen contcnt, dcclinc
is dominated by nitrogen but the stand can carry a largcr load of nitrogen
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and still achieve a full life span. In the other cases, decline is dominated by
502 and, to achieve a full life span, heavy reductions are required -in 502

concentrations (70 percent) and a maximum load of ni trogen is in the range
of 20 to 30 kilograms per hectare.

Unfortunately, the basic material (test sites) does not cover the case
which deals with an overoptimal initial nitrogen content (> 1.8 percent N
content of the needles). Nilsson (1991) has illustrated that in about 80 per
cent of the European coniferous forests, the critical loads for nitrogen are
exceeded. The corresponding figure for deciduous forests is about 45 per
cent. This means that most of the European forests probably have an initial
nitrogen content ranging from 1.9 percent to 2.1 percent. In these cases the
nitrogen depositions must have had a larger influence on the mortality rate
than illustrated in Table A. 7.

Incremental Growth .Rate Effects

The growth rate effects are illustrated for two different stands in Figures
A.26 and A.27. The first stand (Urwald Wei6wasser, Figure A.26) has a
high 502 concentration (116) and a medium initial nitrogen content (1.5).
The second stand (Nauen, Figure A.27) has a medium 502 concentration
(41) and an optimal initial nitrogen content (1.8).

In the first stand (Urwald Wei6wasser) we obtain a quick and strong
growth response to the nitrogen deposition but as a consequence of the
high 502 concentrations the stand dies off within the next 15 years [Figure
A.26(a)]. By reducing the 502 concentration in this stand by 50 percent
a maximal growth effect is achieved at a nitrogen load of 40 kilograms per
hectare.

In the case with a medium level of 502 concentration and optimal initial
nitrogen concentration (Nauen stand), we obtain a limited increase in growth
during the beginning of the deposition of excess nitrogen. The figures show
that the stand will die in 25 to 30 years as a result of the combined effect of
both sulfur and nitrogen depositions [Figure A.27(a) for the Nauen stand].
In this case it is not enough to reduce the 502 emissions by 50 percent
to avoid growth losses. Growth losses will appear even at N loads of 20
kilograms per hectare.

The results for all six test sites are listed in Table A.8. In the table it
can be seen that the higher the initial nitrogen content, the weaker are the
initial growth responses and the stronger are the inlluences by nitrogen on
the decline process. Again it should be emphasized that Nilsson (1991) has
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Figure A.26. Growth effects in the Urwald Wei8wasser stand.
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Figure A.27. Growth effects in the Nauen stand.
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Table A.S. Growth responses for different test sites.

Initial S02 concen- Growth Growth Decline stage
nitrogen trations response during effects dom- starts after
content (JAg/m3

) enrichment stage inated by no. of years
Low (1.2%) 72 (medium) Extremely S02 15-25

strong effects
Medium (1.5%) 116 (high) Strong positive S02 8-10

effects
Medium (1.6%) 143 (high) Strong effects S02 5-10

for high N dep.
Medium (1.6%) 18 (low) Strong effects N 10-20

for high N dep.
Optimal (1.8%) 69 (medium) Limited or no Combined 10-15

effects N, S02
Optimal (1.8%) 41 (medium) Limited or no Combined 10-15

effects N, S02

demonstrated that most of the European forests have nitrogen depositions
close to or above the critical loads for nitrogen. This means that today we
have passed the enrichment stage for nitrogen and have a combined decline
(growth) effect of sulfur and nitrogen.

A.6.S Discussion

This approach offers one of the first attempts to illustrate the combined
effects of sulfur and nitrogen depositions. To obtain a complete picture of
the effects of nitrogen depositions more research has to be carried ou t on
stands with an N content above the optimal level estimated and on stands
with poor nutrient conditions. The correlation between N depositions and
the growth rate has to be investigated in more detail. The same is valid for
the combined effects of sulfur and nitrogen depositions.
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Appendix B

Scenario Results

In this Appendix results are given for each of the 25 countries included in
our study of Western and Eastern Europe. Each section begins with an ex
planation of the tables and charts of the simulation results of the respective
country. Data on current conditions of the forest resources of each coun
try are given for forest area and national average growing stock and volume
increment (see Table 9.1). Species group and age-class are presented for
even-aged forest area. The diagrams show proportions of the total area
residing in each age class for deciduous and coniferous species at three dif
ferent times within the simulation period. They refer only to are~s modeled
as even-aged forests. In a few cases, multiaged forests have been included in
the even-aged data set. During the simulations these forests are gradually
converted to even-aged forests. In these cases the sum of areas of the initial
age classes does not equal the given total area for the species group in the
diagrams. The countries are grouped into one of the following categories:

• Standard structure. Cuttings and growing stock given for total, conifer
ous, and deciduous; a.ge-cla.ss structures given for coniferous and decid
uous; three no-decline scenarios, three decline scenarios, and one land
expansion scenario (if applicable).

• Only one species group. As in the standard category, except no break
down of coniferous and deciduous species.

• Coppice. As in the standard structure, with the addition of cuttings and
growing stock for the coppice group.

• Special. The structure of the basic forest resource data do not permit
the generation of age-class diagrams.

247
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Special
countries

Table B. Structure of simulation results for each country in the analyses.

Countries with Countries with Countries
standard only one with
structure species group coppice

Belgium Austria Bulgaria
CSFR Ireland France
Denmark Norway Italy
Finland Romania
FRG Yugoslavia
GDR
Hungary
Luxembourg
Netherlands
Poland
Portugal
Sweden
Switzerland
United Kingdom

Greece
Spain
Turkey

Table B lists each country in its correct category. The scenarios discussed
in this Appendix are the same as those discussed in Chapter 4.
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Austria (Table B.l and Figures B.l to B.6)
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The lack of basic information made it impossible to carry out comparisons
of the development of the major species groups in Austria.

Basic Scenarios

The forest structure in Austria is not in line with implementation of hand
book silviculture, as the initial harvest pulse in the results of the Basic Hand
book Scenario shows. This simulation results in an increasing growing stock
to about 340 cubic meters per hectare, whereas the Basic ETTS-IV Scenario
results in a decreasing stock to about 245 cubic meters per hectare. To match
the growing-stock development of the Basic Handbook Scenario, the Basic
Forest Study Scenario implements harvests at a level about 20 percent lower
than those of the Basic ETTS-IV Scenario, and increases thinnings substan
tially. The age-class structure develops from one dominated by young and
old stands to a more even distribution, across all ag~ classes.

Decline Scenarios

The Handbook Decline Scenario gives a higher initial harvest pulse and a
generally increased harvest over a much longer period in comparison wi th
the Basic Handbook Scenario. This is a natural result of shortened rota
tion periods and intensified thinnings in the decline situation. Thus, during
the first 35 years of the simulation, there is a higher potential harvest in
the Handbook Decline Scenario. After this period, the potential harvest is
much lower than that of the Basic Handbook Scenario. The growing stock
decreases over the whole period, finishing the simulation at 117 cubic meters
per hectare lower than in the Basic Handbook Scenario.

It is possible to keep the same potential harvest levels in the ETTS-IV
Decline Scenario as in the Basic ETTS-IV Scenario. However, this results
in a dramatic decrease of the growing stock, a decline which cannot be
accepted if sustainability is to be achieved. At the end of the simulation
period the growing stock has declined by nearly 130 cubic meters per hectare
in comparison with the Basic ETTS-IV Scenario.

In the Forest Study Decline Scenario, it is possible to keep the same
growing-stock development as in the Basic Forest Study Scenario, but the
long-term sustainable harvest level is about 3.4 million cubic meters per year
lower than that of the Basic Forest Study Scenario.
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Forest Land Expansion Scenario

In the Forest Land Expansion Scenario, the harvest level increases slightly
after about 35 years in comparison with the Basic Forest Study Scenario.
Growing-stock development is comparable to that in the Basic Forest Study
Scenario.

Summary

Under basic conditions, it is not possible to maintain ETTS-IV harvest lev
els without significant reductions in growing stock. The Basic Forest Study
Scenario results in a mean harvest potential that is about 3 million cubic
meters per year lower than that of the ETTS-IV Scenario. The potential
harvests are rather strongly affected by forest decline. The decreased po
tential in the Forest Study Decline Scenario in comparison with the Basic
Forest Study Scenario is 3.4 million cubic meters per year over the whole
simulation period. An increased forest landbase can generate an increase of
the total potential harvest of about 0.5 million cubic meters per year over
100 years.

Table B.1. Austria.
Ba.sic Ba.sic Hand- Forest Forest
Hand- Ba.sic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockG 274-341 274-246 274-357 274-224 274-114 274-358 274-355
Fellingsb

Year 1 29.6 15.2 16.0 31.4 15.2 12.8 16.0
Year 40 17.8 20.4 17.4 16.7 20.4 13.9 18.0
Year 80 19.8 20.4 17.4 14.3 20.5 14.0 18.0

Summary of results
Potential harvest (mill. m!J o.b./I/rr
Total 18.9 20.1 17.1 18.0 20.1 13.7 17.6

Growth (m!J o.b./ha/I/rr
Total 7.4 6.8 6.9 5.9 5.5 5.7 6.7

Development of growing stock (m!J o.b./ha; I/rO-l/rlOO)
Total 274-341 274-246 274-357 274-224 274-114 274-358 274-355

GIn m 3 o.b./hai yrO-yrlOO.
bIn mill. m 3 o.b.tyr.
e Average for the simulations over 100 years.



Appendix B 251

CUllings
mill, cu. m. per year

40

HANDBOOK SCENARIO
Volume

cu. m. pcr ha.
500

100

200

400

~. y',.
~

.,
..:., :~. ,'.

~-----~-------i300

o I 2 3 4 S 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20

20

10

30

ETIS-IV SCENARIO

40 500

30 400

20

10

300

200

100

o I 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

FOREST STUDY SCENARIO

400

300

200

500

100

- Sianding volumeo Thinning

9 10 II 12 13 14 15 16 17 18 19 20

40

30

20 ----
10

9
0 I 2 3 4 S 6 7 8

III Pinal PeUing

Figure B.l. Projections for total potential harvest and growing stock in
Austria under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 15 million cubic meters o.b.
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Figure B.2. Age-class distributions in Austria under the Basic Forest Study
Scenario for year 0, 35, and 75, respectively.
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Figure B.3. Projections for total potential harvest and growing stock in
Austria under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 15 million cubic meters o.b.
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Figure B.4. Age-class distributions in Austria under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.5. Projections for total potential harvest and growing stock in
Austria under the Forest Land Expansion Scenario. Felliugs in the early
1980s according to ETTS-IV (UN, 1986),15 million cubic meters o.b.
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Figure B.O. Age-class distributions in Austria under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Belgium (Table B.2 and Figures B.7 to B.14)

Basic Scenarios

257

Belgium's forest structure is out of balance with handbook silviculture. Re
sults from the Basic Handbook Scenario show a large harvest pulse in the
early years, but growing stock remains stable. ETTS-IV harvest levels are
possible during the first decades, but the cutting level suggested from period
7 and onward is not attainable with the silvicultural program defined. In
the Basic Forest Study Scenario, harvests are kept at about 4 million cubic
meters per year with higher proportions of thinnings, and the growing stock
remains slightly lower than in the Basic ETTS-IV Scenario. Some 78 per
cent of the total harvests is coniferous, with a thinnings proportion of about
60 percent. In the hardwood stands, final cuts dominate the harvests. The
age-class structure for conifers remains quite stable over the simulation, but
in hardwoods the structure shifts from middle-aged and old stands to young
and middle-aged stands.

Decline Scenarios

The Handbook Decline Scenario gives higher harvest pulses in the first phases
of the simulation period in comparison with the Basic Handbook Scenario.
After about 20 years, the potential harvest level is lower in comparison with
the basic scenario, but at the end of the simulation period the potential
harvest level is about the same in the two scenarios. The growing stock
decreases during the first 40 years, followed by a slight increase. However,
the final level is about 20 cubic meters per hectare lower in the decline case
than in the basic scenario.

It is almost possible to follow the same potential harvest pattern and
level in the ETTS-IV Decline Scenario as in the basic scenario. However,
the growing stock at the end of the period is 75 cubic meters per hectare
lower than that of the basic scenario. This development is hardly able to
maintain sustainability.

According to the Forest Study Decline Scenario, it is possible to keep the
growing stock at nearly the same level as in the basic scenario. Also, harvests
can be kept at a fairly even level throughout the planning period. However,
the level is lower in comparison with the Basic Forest Study Scenario. The
decrease in potential harvest level is about 0.7 million cubic meters per year.
Forest decline will affect conifers most in terms of potential harvest levels.
Deciduous species will also be affected but to a lesser extent.
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Forest Land Expansion Scenario

With an increasing forest landbase in Belgium and the current forest struc
ture, there is a possibility to increase harvest levels immediately in compar
ison with the Basic Forest Study Scenario. A second harvest pulse comes
after about 55 years, because of increased production from new coniferous
forests. While the dominating part of the increased harvests is taken from
coniferous stands, there is also a slight increase for harvest of deciduous
species over time.

The development of total growing stock in this scenario is rather flat,
but at a lower level in coinparison with the basic scenario. For conifers, the
growing stock increases slightly over time to a level higher than that of the
basic scenario. For deciduous species the development of growing stock will
be steady but at a lower level in comparison with the basic scenario.

Summary

Among the seven scenarios, the Basic Handbook Scenario and the Forest
Land Expansion Scenario give the highest average potential harvest lev
els. Forest decline attributed to air pollutants generates a loss of potential
harvests of 0.7 million cubic meters per year averaged over 100 years. The
increased landbase generates additional potential harvest of 0.6 million cubic
meters per year averaged over the simulation period. There are no problems
in taking out the harvest levels suggested by ETTS-IV under basic condi
tions over the 100 year simulation. Interestingly, conifer species have a very
high rate of annual increment.
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Table B.2. Delgium.

Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockQ 148-125 148-177 148-173 148-105 148-101 148-167 148-149
Fellingsb

Year 1 7.8 2.8 3.8 9.6 2.8 3.2 4.2
Year 40 3.8 3.6 3.8 2.9 3.5 3.0 4.3
Year 80 3.6 3.2 3.7 3.4 3.4 3.1 4.6

Coni/erouJ
Growing stockQ 178-151 178-289 178-172 178-147 178-158 178-167 178-201
Fellingsb

Year 1 6.0 1.8 3.0 6.6 1.8 2.6 3.2
Year 40 3.0 2.9 3.0 2.4 2.8 2.4 3.3
Year 80 3.0 2.5 2.9 2.9 2.8 2.5 3.5

DeciduouJ
Growing stockQ

121-102 121-76 121-173 121-67 121-50 121-167 121-106
Fellingsb

Year 1 1.8 1.0 0.8 3.0 1.0 0.6 1.0
Year 40 0.8 0.7 0.8 0.5 0.7 0.6 1.0
Year 80 0.6 0.7 0.8 0.5 0.6 0.6 1.1

Summary of results
Potential harveJt (mill. m3 o.b./llr)"
Total 4.1 3.5 3.8 3.8 3.6 3.1 4.4

Coniferous 3.2 2.5 3.0 3.0 2.6 2.5 3.3
Deciduous 0.9 1.0 0.8 0.8 1.0 0.6 1.1

Growth (m 3 o.b./ha/llr)"
Total 6.7 6.3 6.8 6.0 5.7 5.5 6.6

Coniferous 11.2 10.3 10.8 10.4 9.3 8.9 11.3
Deciduous 2.6 2.7 3.1 2.0 2.4 2.5 2.8

Development 0/ growing Jtock (m3 o.b./ha; IIrO-lIrlOO)
Total 148-125 148-177 148-173 148-105 148-101 148-167 148-149

Coniferous 178-151 178-289 178-172 178-147 178-158 178-167 178-201
Deciduous 121-102 121-76 121-173 121-67 121-50 121-167 121-106

QIn m3 o.b./ha; yrO-yrlOO.
bIn miU. m3 o.b.IYr.
e Average for the simulations over 100 years.
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Figure B.7. Projections for total potential harvest and growing stock in
Belgium under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),3 million cubic meters o.b.
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Figure B.S. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Delgium under the Basic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986),2 million cubic meters o.b.j deciduous fellings in the early 1980s ac
cording to ETTS-IV, 1 million cubic meters o.b.
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Figure B.D. Age-class distributions in De]gium under the Dasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.10. Projections for total potential harvest and growing stock in
Delgium under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),3 million cubic meters o.b.
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Figure B.11. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Belgium under the Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986),2 million cubic meters o.b.; deciduous fellings in the early
1980s according to ETTS-IV, 1 million cubic meters o.b.
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Figure B.12. Age-class distributions in Delgium under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.13. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Belgium under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS-IV
(UN, 1986),3 million cubic meters o.b.; coniferous fellings in the early 1980s
according to ETTS-IV, 2 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 1 million cubic meters o.b.
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Figure B.14. Age-class distributions in Belgium under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Bulgaria (Table B.3 and Figures B.I5 to B.23)

Basic Scenarios

Results of the Basic Handbook Scenario show that tile current structure of
Bulgarian forest resources did not evolve under application of handbook sil
vicult ure. There is a large harvest pulse in the first period of the simulation.
The growing stock can be kept at a stable level of about 105 cubic meters
per hectare for the entire period. With the ETTS-IV llarvest levels, growing
stock increases to approximately 150 cubic meters per hectare. The Forest
Study Scenario invokes a harvest some 10 percent higher than that of ETTS
IV, with a lower but stable overall growing stock of about 135 cubic meters
per hectare. The mean coniferous growing stock reaches about 175 cubic me
ters per hectare, but the deciduous stock remains stable at approximately
115 cubic meters per hectare. The harvests come mainly from final cuttings,
and consist of 60 percent coniferous species. The initial coniferous age-class
structure is concentrated in young classes, but over time it becomes a more
balanced structure. The evolution of the deciduous age-class structure is
similar, but it evolves from a more even initial structure.

Decline Scenarios

In the Handbook Decline Scenario, there will be a much stronger initial
harvest pulse and longer increased harvest level in comparison with the basic
scenario. After about 35 years, the potential harvest level is much lower than
in the basic scenario. Growing stock decreases during the first 40 years but
recovers slightly in the latter part of the simulation period. It is possible to
keep the same harvest level and pattern in the ETTS-IV Decline Scenario
as in the Basic ETTS-IV Scenario. However, the growing stock, is about 40
cubic meters per hectare lower in the decline scenario.

Based on the Forest Study Decline Scenario, it can be assumed that the
same growing-stock level can be kept as in the basic scenario. However,
the potential harvest level would be rather strongly decreased by about 2.2
million cubic meters per year. Potential harvest levels for both coniferous
and deciduous species will decrease by about 1 million cubic meters per year
each. The potential harvest level of coppices will be less affected, but there
is also a slight decline of the growing stock. Generally, it is mainly the final
CeIlings that are affected by the decline.
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Forest Land Expansion Scenario

In the expansion scenario, the increased landbase in Bulgaria immediately
generates an increased total harvest in comparison with the basic scenario.
Through the whole simulation period, harvest levels can be kept higher than
those of the basic scenario. The dominating part of the increased harvest
comes from the new coniferous forests. Even for deciduous species there
is an immediate increased harvest that can be kept throughout the whole
planning period. The total growing stock will be lower in comparison with
the basic scenario, but the growing stock of conifers will increase faster. For
the deciduous species the growing-stock level will be lower in comparison
with the basic scenario.

Summary

There is a strong possibility to exceed the harvest levels identified by ETTS
IV under basic conditions. The highest harvest PQtential under the basic
conditions is identified in the Basic Handbook Scenario. The total harvest
potential is negatively affected by pollution-induced decline of about 2.2
million cubic meters per year throughout the simulation period. Expansion
of the forest landbase generates an increase of the potential harvest of about
0.6 million cubic meters per year over 100 years. Growth projections indicate
that Bulgarian forests have relatively low increments among countries in the
Eastern region.
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Table B.3. Bulgaria.

Basic Basic Ibnd- Forest Forcst
IIand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockQ 106-106 106-150 106-135 106-85 106-107 106-132 106-116
Fellingsb

Year I 18.0 6.0 7.8 22.2 6.0 5.4 8.2
Year 40 8.7 8.1 8.8 7.8 8.1 6.7 9.5
Year 80 9.6 8.1 8.8 7.8 8.1 6.7 9.5

Coni/erou!
Growing stockQ 111-135 1l1-261 111-174 111-107 111-193 111-173 IIl-134
Fellin&sb

Year I 5.8 1.4 3.2 6.6 1.4 2.0 3.4
Year 40 3.4 2.4 3.6 3.4 2.4 2.6 4.2
Year 80 4.2 2.4 3.6 3.2 2.4 2.6 4.2

Deciduou!
Growing stockQ 103-95 103-89 103-116 103-75 103-59 103-115 103-106
Fellingsb

Year 1 6.4 2.8 2.8 9.0 2.8 1.8 3.0
Year 40 3.1 3.5 3.0 2.9 3.5 2.1 3.1
Year 80 3.2 3.5 3.0 2.5 3.5 2.1 3.1

Coppice
Growing stockQ 103-77 103-108 103-108 103-73 103-76 103-100 103-108
FclIingsb

Year 1 5.8 1.8 1.8 6.6 1.8 1.6 1.8
Year 40 2.2 2.2 2.2 1.5 2.2 2.0 2.2
Year 80 2.2 2.2 2.2 2.1 2.2 2.0 2.2

Summary of results
Potential harve!t (mill. m3 o.b./lJrr
Total 9.7 7.7 8.6 9.5 7.7 6.4 9.2

Coniferous 4.0 2.2 3.5 3.9 2.2 2.5 4.0
Deciduous 3.4 3.4 3.0 3.4 3.4 2.0 3.1
Coppice 2.3 2.1 2.1 2.2 2.1 1.9 2.1

Growth (m3 o.b./ha/lJrr
Total 3.0 2.8 3.0 2.8 2.4 2.3 2.9

Coniferous 3.9 3.5 3.9 3.5 2.9 2.9 3.8
Deciduous 2.0 2.0 2.0 1.9 1.7 1.4 2.0
Coppice 4.3 4.2 4.2 4.0 3.8 3.8 4.2

Development 0/ growing !tock (m3 o.b./ha; IJrO-lJr100)
Total 106-106 106-150 106-135 106--85 106-107 106-132 106-116

Coniferous 111-135 111-261 111-174 111-107 11l-193 1l1-173 111-134
Deciduous 103-95 103-89 183-116 103-75 103-59 103-115 103-106
Coppice 103-77 103-108 103-108 103-73 103-76 103-100 103-108

QIn m 3 o.b./ha; yrO-yrJOO.
bIn mill. m 3 o.b.fyr.
e Average for the 6irnulalions over J00 years.



Appendix B

CUllings
mill. cu. m. per year

25

20

15

10

5

HANDBOOK SCENARIO

271

Volume
cu. m. per ha.

200

150

100

50

0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20

ErrS-IV SCENARIO

25 200

20 150

IS
100

10

S
SO

0 0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

FOREST STUDY SCENARIO

25 200

20 ISO

15
100

10

5 SO

0 0
0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20

III Final Felling o Thinning - Sunding volume

Figure B.15. Projections for total potential harvest and growing stock in
Bulgaria under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),6 million cubic meters o.b.
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Figure B.l6. Projections for total potential harvest and growing stock for
coniferous, deciduous, and coppice species in Bulgaria under the llasic Forest
Study Scenario. Coniferous fcllings in the early 1980s according to ETTS-IV
(UN, 1986),1 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 5 million cubic meters o.b.



Appendix B 273

CONIFERS
Age class

10 10 10

30 30 30

SO SO SO

70 70 70

90 90 90

110 110 110

130 130 130
140 140 140

0 2S SO% 0 2S SO% 0 2S SO%

Area: 1090

DECIDUOUS
Age class

10 10 10

30 30 30

SO SO SO

70 70 70

90 90 90

110 110 110

130 130 130
140 140 140

0 2S SO% 0 2S SO% 0 2S SO%

Area: 1600

Figure B.17. Age-class distributions in Bulgaria under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.



274 Future Forest Resources of lVestern and Eastern Europe

Cuttings
mill. cu. m. per year

2S

20

IS

10

HANDBOOK SCENARIO Volume
cu. m. per ha.

200

ISO

100

SO

o 1 2 3 4 S 6 'I 8 9 10 11 12 13 14 IS 16 11 18 19 20

ETIS-IV SCENARIO

2S

20

IS

10

200

ISO

----------------1100

SO

o 1 2 3 4 S 6 'I 8 9 10 11 12 13 14 IS 16 11 18 19 20

FOREST STUDY SCENARIO

o 1 2 3 4 S 6 'I 8 9 10 11 12 13 14 IS 16 11 18 19 20

III Final Felling o Thinning - Slanding volume

Figure B.18. Projections for total potential harvest and growing stock in
Bulgaria under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),6 million cubic meters o.b.
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Figure B.IO. Projections for total potential harvest. and growing stock
for coniferous, deciduous, and coppice species in Dulgaria under the Forest
Study Decline Scenario. Coniferous fellings in t.he early 1980s according to
ETTS-IV (UN, 1986), 1 million cubic meters o.b.i deciduous fellings in the
early 1980s according to ETTS-IV, 5 million cubic meters o.b.
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Figure B.20. Age-class distributions in Bulgaria under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.21. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Bulgaria under the Forest Land
Expansion Scenario. Total feIlings in the early 1980s according to ETTS-IV
(UN, 1986),6 million cubic meters o.b.; coniferous feIlings in the early 1980s
according to ETTS-IV, 1 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ErrS-IV, 5 million cubic meters o.b.



278 Future Forest Resources of Western and Eastern Europe

Volume
cu. m. per ha.

150

COPPICE

125

100

75

50

25

o +-+-'t'---JtL-'I'---'ll.......JIl'--'t'-'t'-++--'l'--"'-JfJl.......JIl'-'t'-'t'-.1jL--'I'---'l'---JtL----'t 0

2000

4000

6000

CUllings
thousands cu. m. per year

8000

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

II Final Felling o Thinning - Sianding volume

Figure B.22. Projections for total potential harvest and growing stock of
coppice in Dulgaria under the Forest Land Expansion Scenario.
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Figure B.23. Age-class distributions in Bulgaria under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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CSFR (Table B.4 and Figures B.24 to B.3!)

Basic Scenarios

There is good correspondence between the initial forest structure in the
CSFR and the forest structure that would have evolved under application of
handbook silviculture. ETTS-IV harvest levels can easily be fulfilled, with
mean growing stock increasing from 225 to 275 cubic meters per hectare.
Harvest levels in the Basic Forest Study Scenario are about 10 percent higher
than those implemented by ETTS-IV, and with a higher proportion of final
cuts. In the Basic Forest Study Scenario, the overall growing stock stabilizes
at about 250 cubic meters per hectare. The harvests emanate from conifer
ous stands to 80 percent, whose mean growing stock increases to about 300
cubic meters per hectare. The initial coniferous age-class structure is dom
inated by middle-aged stands, but evolves to a balanced distribution near
the end of the simulation. Similar trends occur in the development of the
deciduous structure, with a notably high proportion of regenerating stands
late in the simulation. [Because conifers predominate the Czech Republic's
forests (the western part of the country) and deciduous species predominate
the Slovak Republic's forests (the eastern part), the age-class structures have
been disaggregated.]

Decline Scenarios

The Handbook Decline Scenario has a dramatic effect on the development
of the forest resources in the CSFR. In the basic scenario tllere is a good
correspondence between the existing structure and handbook silviculture.
In the decline case there are extremely high harvest pulses during the first
periods. Later the potential harvest levels decrease over time to much lower
levels in comparison with the basic scenario. The total growing stock evolves
to a much lower level than that of the basic scenario. The decrease of the
total growing stock is about 120 cubic meters per hectare.

It is possible to maintain the same harvest levels in the ETTS-IV Decline
Scenario as in the basic scenario only during the first 50 years. There is a
dramatic decrease of the total growing stock in the decline scenario to about
150 cubic meters per hectare.

In the Forest Study Decline Scenario it is possible to keep nearly the same
mean growing stock as that in the basic scenario. However, this demands
a dramatic change in potential harvest levels. An even-flow harvest level
over the entire simulation period would call for low harvests overall. The
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decrease of the mean harvest level in comparison with the basic scenario is
about 9.5 million cubic meters per year. In relative terms, the coniferous and
deciduous species are affected to about the same extent by the decline. It is
mainly the extent of potential final feIlings that are affected. The dramatic
decline effects on development of the forest resources in the CSFR results
from the severe pollution situation in this country.

Summary

Under basic conditions, the harvest level suggested by ETTS-IV can be ex
ceeded. As expected, owing to the pollution conditions in the CSFR, contin
ued decline will strongly influence the potential harvest levels by about 9.5
million cubic meters per year over 100 years, compared with basic conditions.
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Table B.4. CSFR.
Basic Basic I1and- Forest Forest
I1and- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harve8t8 and growing 8tock
Total
Growing stockG 207-234 207-280 207-254 207-159 207-128 207-232
Fellingsb

Year 1 30.6 21.4 21.8 63.0 21.8 12.2
Year 40 24.0 21.1 24.1 16.8 21.4 14.5
Year 80 23.7 21.1 24.1 14.4 19.9 14.8

Coniferou6
Growing stockG 238-282 238-346 238-301 238-207 238-170 238-270
Fellingsb

Year 1 23.6 16.4 17.2 40.4 16.6 10.4
Year 40 18.4 15.4 18.4 13.4 15.4 11.7
Year 80 18.2 15.4 18.4 11.6 15.2 11.8

Deciduou6
Growing stockG 154-152 154-166 154-173 154-77 154-57 154-167
Fellingsb

Year 1 7.0 5.0 4.6 22.6 5.2 1.8
Year 40 5.6 5.7 5.7 3.4 6.0 2.8
Year 80 5.5 5.7 5.7 2.8 4.7 3.0

Summary of re8ult8
Potential harve6t {mill. m3 o.b./llrt
Total 24.6 21.1 23.7 21.5 20.3 14.2

Coniferous 19.0 15.5 18.2 16.8 15.3 11.6
Deciduous 5.6 5.6 5.5 4.7 5.0 2.5

Growth {m3 o.b./ha/llrt
Total 6.2 5.8 6.2 4.7 4.1 3.7

Coniferous 7.7 7.0 7.6 6.1 5.2 4.8
Deciduous 3.7 3.8 3.8 2.3 2.3 1.8

Development of growing 6tock (m3 o.b./ha; IIrO-lIdOO)
Total 207-234 207-280 207-254 207-159 207-128 207-232

Coniferous 238-282 238-346 238-301 238-207 238-170 238-270
Deciduous 154-152 154-166 154-173 154-77 154-57 154-167

GIn m 3 o.b./hai yrO-yrlOO.
bin mill. m 3 o.b./yr.
e Average Cor the simulationa over 100 years.
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Figure B.24. Projections for total potential harvest and growing stock in
the CSFR under the basic scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),21 million cubic meters o.b.
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Figure B.25. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the CSFR under the Dasic Forest Study
Scenario. Coniferous fellings in tIle early 1980s according to ETTS-IV (UN,
1986), 16 million cubic meters o.b.; deciduous fellings in the early 19808
according to ETTS-IV, 5 million cubic meters o.b.
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Figure B.26. Age-class distributions in the Czech Republic under the Dasic
Forest Study Scenario for year 0, 35, and 75, respectively.
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Figure B.27. Age-class distributions in the Slovak Republic under the Basic
Forest Study Scenario for year 0, 35, and 75, respectively.
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Figure B.28. Projections for total potential harvest and growing stock in
the CSFR under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),21 million cubic meters o.b.
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Figure B.29. Projections for total potential harvest and growing stock
for coniferous and deciduous species in the CSFR under the .Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986), 16 million cubic meters o.b.; deciduous feIlings in the early
1980s according to ETTS-lV, 5 million cubic meters o.b.
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Figure B.30. Age-class distributions in the Czech Republic under the
Forest Study Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.31. Age-class distributions in the Slovak Republic under the
Forest Study Decline Scenario for year 0, 35, and 75, respectively.
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Denmark (Table B.5 and Figures B.32 to B.39)

Basic Scenarios

291

Currently, Danish forests are not structured as they might have been un
der handbook silviculture, as shown by the early harvest pulse under the
Handbook Scenario. However, the pulse is comparatively small. In this
scenario the growing stock increases steadily from 141 to 209 cubic meters
per hectare. ETTS-IV harvest levels could easily be taken out with the
growing stock increasing to about 265 cubic meters per hectare. Harvest
levels in the Basic Forest Study Scenario are slightly higher than those of
the Basic ETTS-IV Scenario, and overall growing stock reaches similar high
levels. Conifers dominate the harvests, and the proportion of final cuts is
higher than the proportion in the Basic Handbook Scenario. The coniferous
growing stock increases in the Forest Study Scenario to 276 cubic meters per
hectare, while the deciduous stock increases (mostly later in the simulation)
to 245 cubic meters per hectare. Young stands dO~linate the initial conif
erous age-class structurej the age-class structure then evens out over time.
For deciduous species, the initial structure is quite even, but later becomes
slightly skewed to younger and middle-age classes.

Decline Scenarios

The Handbook Decline Scenario gives higher harvest pulses in the beginning
of the simulation period, after which there are lower potential harvest and
growing-stock levels through the whole planning period in comparison with
the basic scenario.

It is almost possible to harvest at the levels predicted by ETTS-IV in
the case of the ETTS-IV Decline Scenario. However, this generates a strong
decrease of the total growing stock - some 60 cubic meters per hectare lower
than under basic condi tions.

In the Forest Study Decline Scenario, it is not possible to reach the
total growing-stock level achieved in the basic scenario. In spite of a lower
growing-stock level, the potential harvest level decreases about 0.4 million
cubic meters per year.

Coniferous and deciduous species are affected in a similar way by the
decline.
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Forest Land Expansion Scenario

The scenario for expansion of the forest landbase includes an additional
6,000 hectares per year from 1985 to 2020, bringing the forest landbase from
434,000 to 644,000 hectares. Some 80 percent of the expansion area is planted
with conifers, and 20 percent is established as deciduous stands. With the
objective to maintain the growing stock in this scenario as close as possible to
that described in the Basic Forest Study Scenario, there is no allowable cut
effect whereby the new plantations could permit higher harvests in existing
mature stands immediately. The expansions generate several harvest pulses,
beginning in period 6, leading eventually to an overall harvest twice that
of the Basic Forest Study Scenario. Conifers make up a high proportion of
the expansions, so the patterns for conifers dominantly influence the overall
patterns. Notably, the proportion of thinnings in the harvest of conifers rises
in this scenario compared with the Basic Forest Study Scenario. The effects
of land expansion on deciduous harvests are not nearly as pronounced as
those on coniferous harvests.

Growing stocks overall and especially for conifers continue to rise but to
lower levels than in the Basic Forest Study Scenario. The deciduous growing
stock decreases for the first half of the simulation, but rises rapidly later on
(although to lower levels than in the basic scenario).

Summary

The Basic Handbook Scenario gives the highest harvest levels under basic
conditions. There are no problems to remove the harvest levels suggested by
ETTS-IV. Forest decline will, in these simulations, affect the future wood
supply. In Denmark a strong increase of the forest laudbase is expected
resulting in an addition to potential harvests of 1.4 million cubic meters per
year averaged over the whole simulation period.
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Table B.S. Denmark.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Vil[iable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockG 141-209 141-263 141-266 141-186 141-144 141-250 141-250
Fellingsb

Year 1 5.0 2.0 2.6 6.8 2.2 2.2 2.8
Year 40 3.5 3.5 3.5 2.6 3.4 3.1 4.8
Yeil[ 80 3.8 3.5 3.5 3.3 3.4 3.1 6.2

Coniferous
Growing stockG 113-195 113-246 113-276 113-190 113-186 113-268 113-259
Fellingsb

Year 1 2.2 1.2 1.8 3.0 1.4 1.6 1.8
Year 40 2.6 2.6 2.4 2.0 2.6 2.3 3.3
Yeil[ 80 2.6 2.6 2.4 2.5 2.6 2.3 4.8

Deciduous
Growing stockG 201-237 201-299 201-245 201-179 201-54 201-211 201-226
Fellingsb

Yeil[ 1 2.8 0.8 0.8 3.8 0.8 0.6 1.0
Yeil[ 40 0.9 0.9 1.1 0.6 0.8 0.8 1.5
Yeil[ 80 1.2 0.9 1.1 0.8 0.8 0.8 1.4

Summary of results
Potentialllarvest (mill. m" o.b./lJrl
Tot ill 3.7 3.2 3.2 3.1 3.1 2.9 4.6

Coniferous 2.5 2.3 2.2 2.3 2.3 2.1 3.3
Deciduous 1.2 0.9 1.0 0.8 0.8 0.8 1.3

G~owth (m" o.b./ha/lJrl
Total 9.0 8.6 8.8 7.6 7.3 7.8 8.8

Coniferous 9.2 9.2 9.2 8.5 8.6 8.6 9.1
Deciduous 8.6 7.4 7.9 5.8 4.5 5.9 8.0

Development of growing stock (m" o.b./ha; IJrO-lJrlOO)
Tot ill 141-209 141-263 141-266 141-186 141-144 141-250 141-250

Coniferous 113-195 113-246 113-276 113-190 113-186 113-268 113-259
Deciduous 201-237 201-299 201-245 201-179 201-54 201-211 201-226

GIn m3 o.b./hai yrO-yrl00.
bin mill. m3 o.b./yr.
e Average for lhe sirnulalions over 100 years.
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Figure B.32. Projections for total potential harvest and growing stock in
Denmark under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),2 million cubic meters o.b.
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Figure B.33. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Denmark under the Basic Forest Study
Scenario. Fellings in the early 1980s according to ETTS-IV (UN, 1986),1
million cubic meters each o.b.
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Figure B.34. Age-class distributions in Denmark under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.35. Projections for total potential harvest and growing stock in
Denmark under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),2 million cubic meters each o.b.
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Figure B.36. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Denmark under the Forest Study Decline
Scenario. Fellings in the early 1980s according to ETTS-IV (UN, 1986), 1
million cubic meters each o.b.
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Figure B.37. Age-class distributions in Denmark under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.38. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Denmark under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS-IV
(UN, 1986),2 million cubic meters o.b.j coniferous and deciduous fellings in
the early 1980s according to ETTS-IV, 1 million cubic meters each o.b.
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Figure B.39. Age-class distributions in Denmark under the Forest Land
Expansion Scenario for year 0, 35, jl.nd 75, respectively.
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Finland (Table B.6 and Figures BAO to BA5)

Basic Scenarios

The Basic Handbook Scenario results in strong harvests in the early pe
riods of the simulation, indicating a forest structure that does not match
the structure that would have been in place today if ideal silviculture had
been implemented. ETTS-IV harvest levels can indeed be sustained for 100
years, but the growing stock is forced lower than in the Basic Handbook
Scenario. Thus, the ETTS-IV harvest levels are close to the biological po
tential. The Basic Forest Study Scenario moves harvests over the first 35
years to slightly lower levels than the ETTS-IV levels, achieving a nonde
creasing growing stock over 100 years. There are rapid initial increases in the
growing stock for both coniferous (which significantly dominates the overall
harvest picture) and deciduous forests. For both coniferous and deciduous
age-class structures, the final configurations are concentrated in the younger
and middle classes, but the initial structures were not similarj the conifer
ous forest was fairly evenly distributed across all classes while the deciduous
forest was heavily dominated by middle-age classes.

Decline Scenarios

The Handbook Decline Scenario causes a dramatic harvest pulse in the first
period. For the rest of the simulation period, the potential total harvest
level is lower in the decline case in comparison with the basic scenario. The
total growing stock is also lower in comparison with the basic scenario. It
is possible to take out the harvest level indicated by ETTS-IV even in the
decline situation, but it causes a decline in the total growing stock over time.

According to the Forest Study Decline Scenario there is a possibility to
follow the same growing-stock development as in the basic scenario, but the
potential total harvest level will be lower by 4.5 million cubic meters per
year. The strongest effects take place in coniferous species because they
dominate the forests in Finland.

Summary

Concerning potential harvest levels there is a good correspondence among
the different basic scenarios. Forest decline will have a rather strong influence
on potential harvests, with decreases of about 4.5 million cubic meters per
year over 100 years.
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Table B.6. Finland.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 86-122 86-113 86-125 86-104 86-94 86-123
Fellingsb

Year 1 117.8 55.6 59.0 147.6 55.6 44.6
Year 40 46.9 62.6 62.6 45.8 62.4 58.3
Year 80 62.4 62.1 62.6 58.9 61.7 58.2

Coniferous
Growing stock" 86-124 86-121 86-123 86-108 86-100 86-121
Fellingsb

Year 1 108.6 45.2 45.2 136.8 45.2 41.4
Year 40 42.4 57.9 57.9 41.3 58.1 54.3
Year 80 57.2 57.9 57.9 54.6 57.9 54.2

Deciduous
Growing stock" 83-96 83-25 83-150 83-64 83-23 83-138
FeIlingsb

Year 1 9.2 10.4 3.8 10.8 10.4 3.2
Year 40 4.5 4.7 4.7 4.5 4.3 4.0
Year 80 5.2 4.2 4.7 4.3 3.8 4.0

Summary of results
Potential harvest (mill. mS o.b./lJrt
Total 59.3 60.3 59.0 58.5 60.0 54.6

Coniferous 54.0 55.0 54.5 53.5 55.0 50.8
Deciduous 5.3 5.3 4.5 5.0 5.0 3.8

Growth (ms o.b./ha/lJrt
Total 3.4 3.4 3.4 3.2 3.2 3.2

Coniferous 3.4 3.4 3.4 3.2 3.2 3.2
Deciduous 3.5 2.8 3.6 3.0 2.6 3.0

Development of growing stock (ms o.b./ha; IJrO-lJdOO)
Total 86-122 86-113 86-125 86-104 86-94 86-123

Coniferous 86-124 86-121 86-123 86-108 86-100 86-121
Deciduous 83-96 83-25 83-150 83-64 83-23 83-138

"In m3 o.b./ha; yrO-yrlOO.
bIn mill. m3 o.b.tyr.
CAverage for the simulations over 100 years.
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Figure BAG. Projections for total potential harvest and growing stock in
Finland under the basic scenarios. Fellings in the early 1980s according to
ErrS-IV (UN, 1986),56 million cubic meters o.b.
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Figure H,4l. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Finland under the Basic Forest Scenario.
Coniferous fellings in the early 1980s according to ETTS-IV (UN, 1986),45
million cubic meters o.b.; deciduous fellings in the early 19805 according to
ETTS-IV, 11 million cubic meters o.b.
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Figure B.42. Age-class distributions in Finland under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.43. Projections for total potential llarvest and growing stock in
Finland under the decline scenarios. l-ellings in the early 1980s according to
ETTS-IV (UN, 1986),56 million cubic meters o.b.
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Figure 8.44. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Finland under the Forest Study Decline
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 45 million cubic meters o.b.; deciduous fellings ill the early 1980s
according to ETTS-IV, 11 million cubic meters o.b.
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Figure BA5. Age-class distributions in Finland under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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France (Table B.7 and Figures B.46 to B.54)

Basic Scenarios

Presently, the forests in France are not structurally compatible at the present
time with handbook silviculture. The Basic Handbook Scenario results in
an early harvest pulse, with growing stock increasing during the simulation
from 120 to 156 cubic meter per hectare. ETTS-IV harvest levels cannot be
maintained throughout the simulation period. Growing stock in this scenario
can be maintained at about 120 cubic meter per hectare. The Basic Forest
Study Scenario imposes a harvest level less than that of ETTS-IV for the
first 50 years. Overall growing stock under this scenario increases to 133
cubic meter per hectare. This is achieved with higher thinning levels than
in handbook silviculture. Notable patterns in growing-stock development
for the different forest types include steady increases for conifers (to abou t
180 cubic meter per hectare), where the bulk of the harvest is concentrated;
an unstable pattern for deciduous typesj and stability for coppice types.
The unstable pattern in deciduous forests comes from a rapid adjustment,
attributable to fairly high harvest levels 20 to 50 years into the simulation,
from an age-class structure of mostly middle-aged and old stands to one
made up of young stands. A further retreat from ETTS-IV harvest levels
would be necessary to bring the harvest levels and growing stock into stable
patterns over time.

Decline Scenarios

In the Handbook Decline Scenario, the initial harvest pulse is strengthened
for about 20 years compared with the Basic Handbook Scenario. After this
period the total potential harvest level will be lower than that of the basic
scenario. At the end of the simulation period, the difference in potential
harvest levels is about 4 million cubic meters per year. An increasing de
velopment of the growing stock can be seen in the decline scenario but at a
lower level in comparison with the basic scenario.

In the ETTS-IV Decline Scenario, it is only possible to reach ETTS-IV
harvest levels during the first 40 years. The growing stock also decreases
over time to lower levels than in the basic scenario.

In the Forest Study Decline Scenario it is possible to reach nearly the
same growing-stock development as that in the Basic Forest Study Scenario.
During the first65 years of the simulation period, the potential harvest level
is lower in the decline scenario. The harvest potential recovers in the decline
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simulation. Doth thinnings and especially final fellings will be reduced in
the decline scenario.

In the Forest Study Decline Scenario the growing stock of the basic sce
nario is not reached for conifers. In addition, there are no possibilities during
the first 45 years to reach the harvest levels identified in the basic scenario.
Deciduous species reach a slightly lower level of growing stock in the decline
scenario, with a decreasing development over time. In spite of the declining
growing stock, the potential harvest level also decreases for the first 70 years
of the simulation period. At the end of the simulation period the deciduous
harvest level recovers to a higher potential than that in the basic scenario.
The coppice growing stock in the decline scenario has the same flat and even
development as in the basic scenario, with slightly lower potential harvest.

Forest Land Expansion Scenario

After about 40 years, the expanded forest landbase generates a strong in
crease in total harvest levels. For the remainder of the simulation, harvest
level is some 5 to 10 million cubic meters higher than in the basic scenario.
For coniferous species the first increase in harvest level comes after about 20
years and the second after 40 years. For deciduous species a slight increase
in harvesting starts after about 40 years and continues to increase through
the rest of the period, in contrast with a decrease of the deciduQus harvest
level at the end of the planning period in the Dasic Forest Study Scenario.

The increased forest landbase does not change this pattern, although the
growing stock is lower for coniferous species and higher for deciduous species
than in the basic scenario. Instead of the decrease of the deciduous growing
stock over time in the basic scenario there is a slight increase. Coppice is
not planted in the expanded forest land.

Summary

There is a good correspondence concerning harvest levels under the three
basic scenarios. It is not fully possible to keep the ETTS-IV harvest levels
over 100 years. The effects of the forest decline on potential harvests are
about 3.5 million cubic meters per year over 100 years. A strong increase
of new forest land could generate an additional potential harvest of about 5
million cubic meters per year over 100 years.
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Table B.7. France.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stocka 120-156 120-120 120-133 122-146 122-109 122-129 120-128
Fellingsb

Year 1 67.4 44.1 44.2 73.8 43.6 38.3 46.6
Year 40 55.0 62.6 60.9 48.3 63.4 53.6 67.6
Year 80 59.8 55.4 55.0 52.6 46.8 57.0 64.4

ConiJerou~

Growing stocka 145-214 145-144 145-181 146-197 146-126 146-159 145-138
Fellingsb

Year 1 34.6 21.2 23.2 37.2 21.2 20.8 25.2
Year 40 31.5 36.3 32.5 28.1 36.2 29.4 41.4
Year 80 33.9 32.3 32.6 30.7 26.1 32.6 36.9

Deciduou~

Growing stocka 172-190 172-156 172-163 172-163 172-125 172-148 172-185
Fellingsb

Year 1 22.2 10.6 9.6 25.6 10.6 7.6 9.9
Year 40 9.0 13.7 12.8 7.8 13.7 10.1 10.6
Year 80 10.2 8.6 8.3 7.8 7.2 10.2 13.4

Summary of results
Potential harve~t (mill. m3 o. b·/l/rr
Total 56.2 57.0 56.7 52.1 53.1 53.2 61.8

Coniferous 31.2 31.7 31.2 29.3 29.6 30.0 35.8
Deciduous 10.5 10.9 10.8 9.5 10.1 9.6 11.3
Coppice 14.5 14.4 14.7 13.3 13.4 13.6 14.7

Growth (m3 o.b.jha/l/rr
Total 4.6 4.3 4.4 4.2 3.9 4.1 4.1

Coniferous 8.1 7.6 7.8 7.5 6.9 7.3 6.0
Deciduous 4.7 4.5 4.6 4.0 3.9 3.9 4.1
Coppice 2.4 2.2 2.2 2.2 2.0 2.2 2.2

Development oj growing ~tock (m3 o.b.lha; I/rO-l/rlOO)
Total 120-156 120-120 120-133 122-146 122-109 122-129 120-128

Coniferous 145-214 145-144 145-181 146-197 146-126 146-159 145-138
Deciduous 172-190 172-156 172-163 172-163 172-125 172-148 172-185
Coppice 87-108 87-92 87-92 89-108 89-93 89-103 87-92

aln rn3 o.b./lIa; yrO-yrlOO.
bIn mill. rn3 o.b./yr.
C A verage for the simulations over 100 years.
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Figure B.46. Projections for total potential harvest and growing stock in
France under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),41 million cubic meters o.b.
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Figure B.47. Projections for total potential harvest and growing stock for
coniferous, deciduous, and coppice species in France under the Basic Forest
Study Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986), 19 million cubic meters o.b.i deciduous feIlings ill the early
1980s according to ETTS-IV, 22 million cubic meters o.b.
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Figure BAS. Age-class distributions in France under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure BAD. Projections for total potential harvest and growing stock in
France under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),41 million cubic meters o.b.
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Figure B.50. Projections for total potential harvest and growing stock for
coniferous, deciduous, and coppice species in France under the Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to E1'1'S
IV (UN, 1986), 19 million cubic meters o.b.; deciduous fellings in the early
1980s according to E1'1'S-IV, 22 million cubic meters o.b.
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Figure B.51. Age-class distributions in France under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.52. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in France under the Forest Land
Expansion Scenario. Total fdlings in the early 1980s according to ETTS
IV (UN, 1986),41 million cubic meters o.b.; coniferous fellillgs in the early
1980s according to ETTS-IV, 19 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 22 million cubic meters o.b.
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Figure B.54. Age-class distributions in France under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.



322 Future Forest Resources of Western and Eastern Europe

FRG (Table B.8 and Figures B.SS to B.62)

Basic Scenarios

There is a strong discord between current structure of the FRG forests and a
structure tllat would have evolved under strict handbook silviculture. Tlds
is evident in the huge early harvest pulse in the Basic Handbook Scenario.
In this scenario, the growing stock remains high at about 270 cubic meters
per hectare. ETTS-IV harvest levels are easily taken out, resulting in strong
increases in the growing stock up to about 340 cubic meters per hectare. The
sustainable harvest level of the Basic Forest Study Scenario is 10.5 million
cubic meters per year higher than those of the Basic ETTS-IV Scenario.
Overall growing stock stabilizes at 241 cubic meters per hectare. Harvests are
concentrated in coniferous forests, where final cuts dominate. The coniferous
growing stock is stable at about 260 cubic meters per hectare.

The initial coniferous age-class structure is fairly even but stretches up
to 140-year-old stands. By the end of the simulation, only stands up to an
age of 100 years can be found. In deciduous forests, final cuts account for
about half of the annual harvest, and the growing stock declines slightly.
The initial deciduous age-class structure is fairly even, but later on young
and middle-aged stands dominate the age-class structure.

Decline Scenarios

The Handbook Decline Scenario generates harvest pulses that are much
higher during the first 25 years, in comparison with the basic scenario, after
which the potential harvest level is much lower. The total growing stock is
also much lower in the decline scenario.

It is nearly possible to maintain the same harvest level in the ETTS-IV
Decline Scenario as in the basic scenario. There is a slight decrease in the
harvest level at the end of the simulation period. However, with ETTS-IV
harvest levels there is a dramatic decrease in the total growing stock by
about 120 cubic meters per hectare at the end of the simulation period in
comparison with the basic scenario.

According to the Forest Study Decline Scenario, it is possible to keep the
same growing-stock development as in the basic scenario, but the even-flow
harvest level is lower - by about 12 million cubic meters per year.

Doth coniferous and deciduous species will be heavily influenced by forest
decline. The decreased harvest potential is mainly in final fcllings. Thinnings
must be maintained to keep up the vitality of existing forests.
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Forest Land Expansion Scenario

The scenario for expansion of the forest landbase is an additional 27,500
hectares per year from 1985 to 2020, bringing the landbase from 7.5 to 8.5
million hectares. About 80 percent of the expansion area is planted with
conifers, and 20 percent is established as deciduous stands. With the ob
jective to maintain growing stock (imposed on both the Basic Forest Study
Scenario and the Forest Land Expansion Scenario), there is no immediate
allowable cut effect. Thus, the first noticeable increase in the harvest level
occurs about 35 years into the simulation (period 8), with an overall har
vest increase of about 2 million cubic meters per year. A second significant
increase is in period 12 (55 years), with an additional several million cubic
meters per year. Because most of the forest land expansions are estab
lished with conifers, the coniferous group experiences the strongest harvest
increase. In the Forest Land Expansion Scenario, the total growing stock
climbs slightly, whereas in the Basic Forest Study Scenario, it decreases
slowly. This is mainly due to increased growth rate of conifers, despite a
continued slow decrease in the deciduous growing stock.

Summary

The Basic Scenarios show that there is a big potential for increased harvest
in the future. This can be concluded by comparison with the Basic ETTS-IV
and the Basic Forest Study Scenario. The effects of air pollutants are strong.
The harvest potential is about 12 million cubic meters per year lower under
air pollution conditions. The estimated Forest Land Expansion Scenario
will increase the potential harvest level by about 5.5 million cubic meters
per year in comparison with the Basic Forest Study Scenario.
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Table B.B. FRG.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Sludy Land

Variable book ETTS-IV Study Decline Decline Det:line Expansion

Selected data on harvests and growing stock
Total
Growing stockG 224-265 224-339 224-241 224-211 224-219 224-254 224-243
Fellingsb

Year 1 74.4 37.2 47.8 99.2 37.2 35.8 48.1
Year 40 44.3 39.5 49.9 35.3 39.9 38.0 52.4
Year 80 47.0 39.5 49.9 35.3 39.5 38.1 56.0

Coniferou6
Growing stockG 235-297 235-365 235-260 235-252 235-277 235-273 235-270
Fellingsb

Year 1 47.8 25.2 36.0 64.0 25.2 29.2 36.3
Year 40 32.7 29.3 36.7 28.0 29.4 30.0 38.0
Year 80 35.3 29.3 36.7 27.7 29.4 30.0 41.0

Deciduou6
Growing stockG 201-195 201-282 201-200 201-124 201-96 201-215 201-182
Fellingsb

Year 1 26.6 12.0 11.8 35.2 12.0 6.6 11.8
Year 40 11.6 10.2 13.2 7.3 10.5 8.0 14.4
Year 80 11.7 10.2 13.2 7.6 10.1 8.1 15.0

Summary of results
Potential harve6t (mill. m3 o.b./lJrr
Total 47.7 38.9 49.3 43.6 39.0 37.5 54.9

Coniferous 34.8 28.7 36.5 32.6 28.8 29.8 40.6
Deciduous 12.9 10.2 12.8 11.0 10.2 7.7 14.3

Growth (m3 o.b./ha/lJrr
Total 6.8 6.4 6.8 5.7 5.2 5.3 6.6

Coniferous 7.4 6.9 7.4 6.6 6.1 6.2 7.1
Deciduous 5.4 5.1 5.4 3.9 3.2 3.4 5.3

Development of growing 6tock (m3 o.b./ha; IJrO-lJrlOO)
Total 224-265 224-339 224-241 224-211 224-219 224-254 224-250

Coniferous 235-297 235-365 235-260 235-252 235-277 235-273 235-279
Deciduous 201-195 201-282 201-200 201-124 201-96 201-215 201-180

GIn rn3 o.b./ha; yrO-yrlOO.
bIn mill. rn3 o.b./yr.
CAverage Cor the airnulationa over 100 yean.
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Figure B.SS. Projections for total potential harvest and growing stock in
the FRG under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),37 million cubic meters o.b.
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Figure B.56. Projections for total. potential. harvest and growing stock for
coniferous and deciduous species in the FRG under the Basic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 25 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 12 million cubic meters o.b.
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Figure B.57. Age-class distributions in the FRG under the Dasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.SS. Projections for total potential harvest and growing stock in
the FRG under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),37 million cubic meters o.b.
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Figure B.59. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the FRG under the Forest Study Decline
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 25 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 12 million cubic meters o.b.
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Figure B.60. Age-class distributions in t.he FRG under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.B!. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in the FIlG under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986),37 million cubic meters o.b.; coniferous Ceilings in the early
1980s according to ETTS-IV, 25 million cubic meters o.b.; deciduous Ceilings
in the early 1980s according to ETTS-IV, 12 million cubic meters o.b.
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Figure B.62. Age-class distributions in the FRG under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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GDR (Table B.9 and Figures B.63 to B.6S)

Basic Scenarios

333

Results from the Basic Handbook Scenario, with high harvest levels in the
early years of the simulation followed by a slow decrease, correspond to an
age-class structure with a relatively high proportion of nearly mature stands.
ETTS-IV harvest levels are sustainable over the simulation. The Basic Forest
Study Scenario, therefore, is similar to the Basic ETTS-IV Scenario. The
harvests are dominated by conifers. In addition, growing stocks for both
species groups are fai rly stable.

Decline Scenarios

The Handbook Decline Scenario, in contrast with the Basic Handbook Sce
nario, generates a dramatic harvest pulse during the first 20 years. After the
pulse there is a pronounced decrease of both the potential harvest level and
the growing stock. The total growing stock recovers slightly toward the end
of the simulation, but from a low level.

It is not possible to keep the harvest level of the Basic ETTS-IV Scenario
during the whole simulation period. At the end there is a decrease of the
potential harvest level. Prior to the decreasing potential harvest, there is a
dramatic decrease of the growing stock.

In the Basic Forest Study Scenario the total growing stock is kept at a
stable level. In the Forest Study Decline Scenario it is possible to generate
the same development of the total growing stock as in the basic scenario, but
at the expense of the harvest level. The harvest level in the decline scenario
is decreased by about 5 million cubic meters per year.

In relative terms the deciduous forest is most affected by decline, but the
most pronounced decrease in harvest volumes occurs in coniferous species.
The dramatic development of forest resources in the CDR in our decline
scenarios is a consequence of the severe pollution situation in the country.

Summary

The scenarios under basic condition give similar results. The effects of forest
decline attributed to air pollutants are strong. The decline scenario generates
a harvest potential that is 5 million cubic meters per year lower than in the
basic scenario.
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Table B.9. GDR.
Basic Basic Hand- Forest Forest
lJand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Sclectcd data on harvcsts and growing stock
Total
Growing stocka 190-224 190-205 190-202 190-153 190-89 190-200
Fellingsb

Year 1 22.3 12.0 13.6 31.7 12.0 13.6
Year 40 13.2 14.9 14.8 9.3 14.9 8.8
Year 80 14.4 14.9 14.8 7.3 9.1 8.8

ConiJerou!
Growing stocka 181-220 181-186 181-199 181-150 181-90 181-204
Fellingsb

Year 1 15.4 9.7 10.6 19.9 9.7 10.6
Year 40 10.3 11.9 11.3 7.4 11.9 6.9
Year 80 11.3 11.9 11.3 5.8 6.5 6.9

Deciduou!
Growing stockG 215-238 215-266 215-209 215-162 215-87 215-188
FelIingsb

Year 1 7.0 2.3 3.0 11.8 2.3 3.0
Year 40 2.9 3.0 3.5 1.9 3.0 1.9
Year 80 3.1 3.0 3.5 1.5 2.6 1.9

Summary of rcsults
Potentialliarved (mill. m9 o.b./llr)"
Total 14.6 14.3 14.6 11.7 12.5 9.7

Coniferous 1I.l 11.5 11.2 9.1 9.8 7.6
Deciduous 3.5 2.9 3.4 2.6 2.7 2.1

Growth (m 9 o.b./ha/llr)"
Total 5.8 5.5 5.6 4.0 3.7 3.7

Coniferous 5.9 5.7 5.7 4.2 3.9 4.0
Deciduous 5.5 4.9 5.1 3.4 2.9 2.9

Development oJ growing 5toCl: (m9 o.b./lia; 111'0-111'100)
Total 190-224 190-205 190-202 190-153 190-89 190-200

Coniferous 181-220 181-186 181-199 181-150 181-90 181-204
Deciduous 215-238 215-266 215-209 215-162 215-87 215-188

aIn m 3 o.b./lta; yri>-yrl00.
bIn mill. m 3 o.b./yr.
C Average for Lite simulaLions over 100 years.
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Figure B.63. Projections for total potential harvest and growing stock in
the GDR under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 12 million cubic meters o.b.



336 Future Forest Resources of Western and Eastern Europe

CONIFERS Volume
cu. m. per ha.

300

2S0

_-----------------L 200

I I~f ISO, 100..~
SO

O+--il-..Jtl_...JtL-J+L---JtI-.lfI-..lfl--J~.Ifl_.Jfl_..Jtl_ ........._4'.......yl'___'~'I'_.Ifl__'t'__If'__'+_O

5

IS

10

Cuttings
miU. cu. m. per year

20

o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

DECIDUOUS

100

200

300

400

2

o 0
o 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20

4

12

10

8

6

l1li Final Felling o Thinning - Standing volume

Figure B.64. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the CDR under the llasic Forest Study
Scenario. Coniferous fcllings in the early 1980s according to ETTS-IV (UN,
1986), 10 million cubic meters o.b.; deciduous feIlings in the early 1980s
according to ETTS-IV, 2 million cubic meters o.b.
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Figure B.BS. Age-class distributions in the GDR under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.



338 Future Forest Resources of "!estern and Eastem Europe

Volume
cu. m. per ha.

300

HANDBOOK SCENARIO

250

200

150

100

50

O+-+-'fl--'t'--Ijl--'l'~"""'I'-'f'_"+,__'+'_-'fl-_'t'_ ..........--'l'~"""'I'_'f'_-'l'-_'+'_-'t'-__'t0

10

30

20

Cuuings
mill. cu. m. per year

40

o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

EITS-IV SCENARIO

40

10

30

300

250

200

150

100

50

O+-+-'fl-_'t'_..........--'l'~.......I'_'f'_-'l'-_'+'__'t'__'t'_..........--'l''---'iI---'I'_'f'_-'l'-_'+'_-'t'-__'t0

20

o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

FOREST STUDY SCENARIO

40

10

30

300

250

------------------1 200
150

100

50

O+-+_'t'_-'t'-..........--'l'~'-"l"_''f'_.Ijl__'+'__'t'__'t'_ ..........__'t'~'-"I'_'f'_"+'__'+'__'t'___'t0

20

o I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

IiII Final Felling o Thinning - Slanding volume

Figure B.66. Projections for total potential harvest and growing stock in
the GDR under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1(86), 12 million cubic meters o.b.
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Figure B .67. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the GDR under the Forest Study Decline
Scenario. Coniferous feIlings in the early 1980s according to ETTS-IV (UN,
1986), 10 million cubic meters o.b.i deciduous feIlings in the early 1980s
according to ETTS-IV, 2 million cubic meters o.b.
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Figure B.68. Age-class distributions in the GDR under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Greece (Table B.IO and Figures B.69 to B.72)

Basic Scenarios

341

The forest-inventory data for Greece are so primitive and aggregated that
it is impossible to generate a dynamic development of harvest levels and
growing stock. Our approach in invoking a Basic Forest Study Scenario
results in harvest levels that are similar to present cuttings according to
ETTS-IV, with about equal harvests from coniferous and deciduous forests.
The growing stock is steadily increasing for both coniferous and deciduous
species.

Decline Scenarios

The Forest Study Decline Scenario yields the same development of growing
stock as under basic conditions. It is not possible, tllough, to keep the
same harvest level during the first 50 years of the simulation. Later on, the
harvesting levels is the same in the two scenarios. The effects of decline are
of the same size for both coniferous and deciduous species. No separation
between the effects of decline on thinnings and those on final cuts could be
made.

Forest Land Expansion Scenario

The simple model concept that had to be used in the simulations for Greece
does not permit quantification of the effects of the forest landbase increase.

Summary

The effects of forest decline on the total potential harvest level is rather
modest, up to a decreased potential of only 0.2 million cubic meters per year
during the whole simulation period. Mean growth figures are low in Greece,
especially for deciduous species.
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Table B.IO. Greece.
Basic Basic Hand-
lIand- Basic Forest book

Variable book ETTS-IV Study Decline

Selected data on harvests and growing stock
Totol
Growing stockG 72-122
Fellingsb

Year 1 2.8
Year 40 2.8
Year 80 2.9

Forest Forest
ETTS-IV Study Land
Decline Decline Expansion

72-119

2.4
2.6
2.9

136-195

I.2
1.2
1.4

48-89

1.2
1.4
1.5

2.7
I.J
1.4

1.8
3.0
1.4

72-119
136-195
48-89

1.4
1.5
1.5

48-92

1.4
I.J
1.4

136-199

2.0
3.2
1.5

o.b./ho; IJrO-lJrIOO)
72-122

136-199
48-92

o.b·/lJrr
2.9
1.4
1.5

Summary of results
Potentiol horvest (mill. m'
Total

Coniferous
Deciduous

Growth (m' o.b./ho!IJrr
Total

Coniferous
Deciduous

Development of growing stock (m'
Total

Coniferous
Deciduous

Coniferous
Growing stockG

Fellingsb

Year 1
Year 40
Year 80

Deciduous
Growing stockG

Fellingsb

Year 1
Year 40
Year 80

GIn m 3 o.b./ha; yrO--yrlOO.
bIn mill. m3 o.b.IYr.
eAverage for the simulations over 100 years.
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Figure B.OO. Projections for total potential harvest and growing stock in
Greece under the Basic Forest Study Scenario. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),2.8 million cubic meters o.b.
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Figure B.70. Projections for total potential harvest and growing stock for
coniferous and de'ciduous species in Greece under the Basic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 1 million cubic meters o.b.; deciduous fellings in tIle early 1980s ac
cording to ETTS-IV, 1.8 million cubic meters o.b.
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Figure B.71. Projections for total potential harvest and growing stock in
Greece under the Forest Study Decline Scenario. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),2.8 million cubic meters o.b.
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Figure B.72. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Greece under the Forest Study De
cline Scenario. Coniferous fellings in the early 1980s according to ETTS-IV
(UN, 1986), 1 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 1.8 million cubic meters o.b.
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Hungary (Table B.ll and Figures B.73 to B.BO)

Basic Scenarios

347

Hungarian forests do not display a current structure that corresponds to
handbook silviculture, as shown by the early harvest pulse in the Basic
Handbook Scenario. ETTS-IV harvest levels are possible, but only at the
expense of a slightly decreasing growing stock. Thus, the Basic Forest Study
Scenario calls for slightly lower harvests during the first 30 years of the simu
lation, with somewhat more of the harvest coming from final cuts compared
with handbook silviculture. Within this harvest, deciduous species strongly
dominate. Overall growing stock increases slightly over the simulation, but
coniferous stock increases strongly while deciduous stock decreases slightly.
Bases for these developments are found in the age-class structures, in which
there are increased proportions of older coniferous stands over time starting
from a situation with a large amount of young stands.

Decline Scenarios

The Handbook Decline Scenario gives a much stronger harvest pulse during
the beginning of the simulation period than the basic scenario. After the
pulse there is a strong decline of the potential harvest level during the rest
of the simulation period. During the first 35 years there is also a strong
decrease in the total growing stock. For the rest of the simulation the total
growing stock recovers.

Under decline conditions, it is only possible to keep the ETTS-IV harvest
level during the first 60 years. Despite this, the total growing stock declines
substantially dllring these years.

The Forest Study Decline Scenario generates nearly the same develop
ment of the total growing stock as the basic scenario. The growing-stock
level is, however, associated with a lower harvesting potential of about 3
million CII bic meters per year.

A major part of JJungary 's forest area bears decid uous species. There
fore, the decline will affect the volume of this species group the most. The
decline will calise a decrease of the potential harvest in both final fellings
and thinnings, but the decrease will be more evident in the former.



348 Future Forest Resources of Western and Eastern Europe

Forest Land Expansion Scenario

The increased forest landbase leads to increased potential harvest after about
25 years. After another increase some 10 years later I the harvest level is
about 1.5 million cubic meters per year higher than in the basic scenario.
Most of the new harvest is from deciduous species, since the new land is
primarily planted with these species.

The total growing stock will have a flat development (as in the basic
scenario) but at a lower level. This is also the case for both coniferous and
deciduous species.

Summary

The results from the different alternatives under basic conditions are quite
similar. Decline attributed to air pollutants strongly influences the total
potential harvest. The total potential harvest decreases by 3 million cubic
meters per year during the whole simulation period in comparison with the
basic conditions. The new landbase could add a potential harvest of 0.8
million cubic meters per year over 100 years.
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Table B.ll. Hungary.

Basic Basic Hand- Forest Forest
II and- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock

Q
182-169 182-185 182-195 182-186 182-143 182-221 182-176

Fellingsb

Year 1 15.0 7.6 8.2 19.8 7.6 5.0 8.2
Year 40 8.7 8.8 8.6 5.6 8.9 5.6 10.0
Year 80 8.2 8.8 8.6 5.5 6.0 5.6 10.0

ConiJerou!
Growing stock

Q
152-169 152-167 152-221 152-205 152-161 152-232 152-185

Fellingsb

Year 1 1.0 0.6 1.0 1.2 0.6 0.6 1.0
Year 40 1.4 1.5 1.1 1.2 1.5 0.9 1.5
Year 80 1.2 1.5 1.1 1.0 1.2 0.9 1.5

Deciduou!
Growing stock

Q
188-168 188-188 188-190 188-182 188-140 188-218 188-174

Fellingsb

Year 1 14.0 7.0 7.2 18.4 7.0 4.4 7.2
Year 40 7.3 7.3 7.5 4.4 7.4 4.7 8.5
Year 80 7.0 7.3 7.5 4.5 4.8 4.7 8.5

Summary of results
Potentialliarve!t {mill. m9 o.b./llrl
Total 8.8 8.7 8.6 7.4 7.7 5.5 9.4

Coniferous 1.2 1.3 1.1 1.2 1.2 0.9 1.3
Deciduous 7.6 7.4 7.5 6.2 6.5 4.6 8.1

Growth {m 9 o.b.jlw/llrt
Total 5.8 5.8 5.8 4.9 4.8 4.0 5.6

Coniferous 5.4 5.7 5.2 5.4 5.3 4.5 5.2
Deciduous 5.8 5.9 5.9 4.8 4.6 3.9 5.7

Development oj growing stock (m9 o.b./ha; IIrO-lIr100)
Total 182-169 182-185 182-195 182-186 182-143 182-221 182-176

Coniferous 152-169 152-167 152-221 152-205 152-161 152-232 152-185
Deciduous 188-168 188-188 188-190 188-182 188-140 188-218 188-174

QIn mJ o.L.jha; yrO-yrl00.
bIn mill. mJ o.b.jyr.
G Average for the simulations over 100 years.
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Figure B.73. Projections for total potential harvest and growing stock in
Hungary under the basic scenarios. Fellings in the early 1980s according to
ErrS-IV (UN, 1986),8 million cubic meters o.b.
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Figure B.74. Projections for total potential harvest and growing stock for
coniferous and deciduous species in II ungary under the Dasic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (U N,
1986), 1 million cubic meters o.b.; deciduous fellings in the early 1980s ac
cording to ETTS-IV, 7 million cubic meters o.b.
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Figure B.75. Age-class distributions in Hungary under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.76. Projections for total potential harvest and growing stock in
Hungary under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN 1 1986),8 million cubic meters o.b.
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Figure B.77. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Hungary under the Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986), 1 million cubic meters o.b.; deciduous fe11ings in the early
1980s according to ETTS-IV, 7 million cubic meters o.b.
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Figure B.78. Age-class distributions in Hungary under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.79. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Hungary under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS-IV
(UN, 1986),8 million cubic meters o.b.; coniferous fcllings in the early 1980s
according to ETTS-IV, 1 million cubic meters o.b.; deciduous felliIlgs in the
early 19805 according to ETTS-IV, 7 million cubic meters o.b.
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Figure H.BO. Age-class distributions in Hungary under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Ireland (Table B.12 and Figures B.81 to B.86)

Basic Scenarios

In tIle Basic Handbook Scenario, harvests and growing stock (species consid
ered in Ireland are all coniferous) increase to year 40 of the simulation and
then decrease, reflecting the initially skewed age-class structure. ETTS-IV
harvest levels cannot be sustained, but information provided by Ireland to
ETTS-IV includes a strong increase in the forest landbase that we have not
accounted for in our basic analyses.

The Basic Forest Study Scenario calls for harvest levels initially lower
than those of ETTS-IV, but a level of 2 million cubic meters per year is
sustainable over 100 years, while growing stock rises to 256 cubic meters
per hectare. Stands less than 20 years old initially dominate the age-class
structure. By the end of the simulation the age-class structure displays a
comfortable balance. In this scenario, final cuts account for more of the
harvest than final cuts in the Basic Handbook Scenario.

Decline Scenarios

The Handbook Decline Scenario gives a result similar to that of the Basic
Handbook Scenario. The decline scenario will generate a slightly lower po
tential harvest level and a lower level of the growing stock. Even in the case
of the ETTS-IV scenarios there are strong similarities concerning harvesting
levels (and patterns) and the development of the growing stock.

In the Forest Study Decline Scenario, it is possible to keep the same
development of the growing stock as in the basic scenario. The potential
harvest level in the decline scenario will be slightly decreased, some 0.2 mil
lion cubic meters per year lower than that of the basic scenario. This small
effect in the decline scenarios is a result of low depositions of air pollutants
in Ireland.

Forest Land Expansion Scenario

In Ireland a strong increase of the forest landbase is expected. This expec
tation is strongly reHected in the future development of the forest resources.
In the basic scenario a stable harvest level of about 1.9 million cubic meters
per year is established; with the expansion of forest land the harvest level
will be doubled in 35 years. After about 65 years the harvest level is three
times (6 million cubic meters per year) that of the basic scenario. Due to
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the large expansion of the forest landbase, the growing stock is at a much
lower level in comparison with the basic scenario. The extent of thinnings
is much higher in the case of land expansion.

Summary

The handbook alternative gives the highest harvest potential under basic
conditions. The harvest level suggested by ETTS-IV can be exceeded on a
sustainable basis. The forest decline simulation lowers the potential harvest
by 0.2 million cubic meters per year during 100 years. The strong increase
expected of the forest landbase of Ireland will generate a tremendous increase
of the total potential harvest of some 2.8 million cubic meters per year during
the next 100 years.
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Table B.12. Ireland.
Basic Basic IIand- Forest Forest
I1and- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock

Q
102-108 102-28 102-256 102-105 102-26 102-251 102-129

Fellingsb

Year 1 1.6 0.6 0.8 1.8 0.6 0.8 1.6
Year 40 2.6 2.1 2.0 2.3 1.7 1.8 4.5
Year 80 1.8 0.9 2.0 1.6 0.8 1.8 7.1

Coniferous
Growing stock Q 102-108 102-28 102-256 102-105 102-26 102-251 102-129
Fellingsb

Year 1 1.6 0.6 0.8 1.8 0.6 0.8 1.6
Year 40 2.6 2.1 2.0 2.3 1.7 1.8 4.5
Year 80 1.8 0.9 2.0 1.6 0.8 1.8 7.1

Summary of results
Potential liarvest (mill. mS o.b./llrt
Total 2.1 1.7 1.9 1.9 1.5 1.7 4.7

Coniferous 2.1 1.7 1.9 1.9 1.5 1.7 4.7

Growtli (m S o.b./lia/llrt
Total 7.8 5.4 8.5 7.1 4.9 7.8 5.7

Coniferous 7.8 5.4 8.5 7.1 4.9 7.8 5.7

Development of growing stock (ms o.b./lia; IJrO-lIdOO)
Total 102-108 102-28 102-256 102-105 102-26 102-251 102-129

Coniferous 102-108 102-28 102-256 102-105 102-26 102-251 102-129

Qln rn3 o.b./ha; yrO-yrlOO.
oIn mill. m3 o.b./yr.
eAverage for the simulations over 100 years.
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Figure B.Bt. Projections for total potential harvest and growing stock in
Ireland under the basic scenarios. FeUings in the early 1980s according to
ETTS-IV (UN, 1986),0.7 million cubic meters o.b.
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Figure B.82. Age-class distributions in Ireland under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.83. Projections for total potential harvest and growing stock in
Ireland under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),0.7 million cubic meters o.b.
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Figure B.84. Age-class distributions in Ireland under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.85. Projections for total potential harvest and growing stock for
total forests in Ireland under the Forest Land Expansion Scenario. Fellings in
the early 1980s according to ETTS-IV (UN, 1986),0.7 million cubic meters
o.b.
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Figure B.80. Age-class distributions in Ireland under tIle Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Italy (Table B.13 and Figures B.87 to B.95)

Basic Scenarios

367

Results from the Basic Handbook Scenario suggest that the structure of
Italian forests does not correspond with implementation of handbook sil
viculture. After the initial harvest pulse, harvest and growing-stock levels
remain fairly stable at about 30 million cubic meters per year and 135 cubic
meters per hectare, respectively. There is no problem to maintain ETTS-IV
harvest levels, but growing stock increases to 338 cubic meters per hectare.
The Basic Forest Study Scenario puts harvest levels well above the Basic
ETTS-IV Scenario but below those of the Basic Handbook Scenario. The
growing stock evolves in the Basic Forest Study Scenario to about 210 cubic
meters per hectare, and harvests in high forests have a higher proportion of
thinnings in comparison with tile Basic Handbook Scenario. The harvests
are rather evenly distributed among conifers, hardwoods, and coppices. Har
vest levels and growing stocks for all three groups are fairly stable, except
for the coppice growing stock which increases from 115 to 192 cubic meters
per hectare.

Decline Scenarios

The imbalance between the existing forest structure and handbook silvicul
ture is strongly expressed in the Handbook Decline Scenario. After the initial
harvest pulse the potential harvest level is lower in the decline scenario over
time in comparison with the basic scenario. The growing-stock level cannot
be kept at the same level as in the basic scenario.

The Basic ETTS-IV Scenario gives a strong increase in the growing stock
over time and a relatively low harvest level. The ETTS-IV harvest level was
based on an old inventory, whereas the Forest Study is based on the new
inventory and growth figures that indicate a much higher potential in the
Italian forests. Even in the ETTS-IV Decline Scenario there is a strong
increase in the growing stock over time, but the level is about 45 cubic
meters per hectare lower at the end of the simulation period than in the
basic scenario. In spite of the reduction of growing stock, the harvest level
has to be reduced in the decline scenario. Thus, in the decline scenario there
are no possibilities to keep the harvest level identified in the Basic ETTS-IV
Scenario throughout the whole simulation period.

In the Forest Study Decline Scenario the same growing-stock develop
ment as in the basic scenario is foreseen through a decrease of the harvest
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level, about 3.3 million cubic meters per year in comparison with the basic
scenario. The effects of the decline will be of about the same order con
cerning harvests and growing stocks for both deciduous and conifers species.
The indicated harvest pattern is more uneven for deciduous species than for
conifers. This is an effect of short rotations, especially for poplar trees. The
coppice group is less influenced by the decline in comparison with the other
two species groups.

Forest Land Expansion Scenario

In the Forest Land Expansion Scenario, tIle total harvest will start to in
crease after about 30 years. This process will continue for about 50 years.
Thereafter the total harvest level will smooth out. At the end of the sim
ulation period the llarvest level is about 2.5 million cubic meters per year
higher in comparison with the Basic Forest Study Scenario. The strongest
harvest increase is generated by the deciduous species. Deciduous species
will be planted on most of the new land (70 percent). The rhythm of the in
creased harvests is about the same in both coniferous and deciduous species.
The development of the total growing stock will not change much with tIle
increased landbase, which is due to the rather short rotation periods. The
same can be said about the development of the growing stocks for the two
different species groups. Coppices are not established on the new lands, so
coppice development is unchanged in this scenario in comparison with the
basic alternative. The extent of final cut will increase with the increased
landbase. This is a result of new plantations witll short rotation periods and
limited thinnings.

Summary

There are very good possibilities to exceed the ETTS-IV harvest level un
der basic conditions. The big differences between the handbook alternative
and the Forest Study alternatives suggest that the total potential llarvest
could be increased even more in the future. Forest decline attributed to air
pollutants influences the harvest potential strongly, reducing it by 3.3 mil
lion cubic meters per year during 100 years. New forest land will cause an
increase of the total potential harvest of 1.7 million cubic meters per year
over 100 years.
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Table B.13. Italy.

Basic Basic Hand- Forest Forest
IIand- Basic Forest book ETTS-lV Study Land

Variable book ETTS-lV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockQ 154-135 154-338 154-208 154-123 154-292 154-221 154-210
Fellingsb

Year 1 60.5 9.6 18.0 70.6 9.6 14.8 18.9
Year 40 28.9 12.5 21.2 26.1 12.5 17.9 22.6
Year 80 29.6 12.2 21.0 27.4 12.2 17.7 23.5

ConiJerou6
Growing stockQ 236-227 236-500 236-268 236-204 236-445 236-314 236-239
Fellingsb

Year 1 13.8 3.0 5.8 17.8 3.0 4.7 5.9
Year 40 5.9 3.8 6.5 6.0 3.8 5.4 7.0
Year 80 6.4 3.6 6.3 5.5 3.6 5.2 7.6

Deciduou6
Growing stockQ 172-181 172-408 172-185 172-157 172-309 172-225 172-202
Fellingsb

Year 1 10.1 6.2 7.0 13.0 6.2 6.1 7.8
Year 40 8.1 6.5 8.6 7.5 6.5 7.6 9.5
Year 80 8.2 6.4 8.6 7.2 6.4 7.6 9.8

Coppice
Growing stockQ 115-82 115-248 115-192 115-78 115-226 115-183 115-192
Fellingsb

Year 1 36.6 0.4 5.2 39.8 0.4 4.0 5.2
Year 40 14.9 2.2 6.1 12.6 2.2 4.9 6.1
Year 80 15.0 2.2 6.1 14.7 2.2 4.9 6.1

Summary 'of results
Potential harved {mill. m"' o.b./I/rl
Tota.l 30.7 11.9 20.5 29.8 11.9 17.2 22.2

Coniferous 6.6 3.6 6.2 6.4 3.6 5.1 7.0
Deciduous 8.1 6.3 8.3 7.7 6.3 7.3 9.2
Coppice 16.0 2.0 6.0 15.7 2.0 4.8 6.0

Growth {m"' o.b./ha/I/rl
Tota.l 6.2 4.3 4.8 5.9 3.9 4.3 4.2

Coniferous 6.0 5.9 6.1 5.6 5.4 5.5 5.0
Deciduous 8.4 8.8 8.7 7.7 7.8 8.1 5.1
Coppice 5.5 2.1 3.0 5.4 1.8 2.4 3.0

Development oj growing dock (m"' o.b./ha; I/rO-l/rlOO)
Tota.l 154-135 154-338 154-208 154-123 154-292 154-221 154-210

Coniferous 236-227 236-500 236-268 236-204 236-445 236-314 236-239
Deciduous 172-181 172-408 172-185 172-157 172-309 172-225 172-202
Coppice 115-82 115-248 115-192 115-78 115-226 115-183 115-192

Qln mJ o.b./ha; yrO-yriOO.
bIn mill. mJ o.b./rr.
C A verage for Lhe simulaLions over 100 yell.Cll.
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Figure B.87. Projcctions for total potential harvest and growing stock
in Italy under the basic sccnarios. Fcllings in tllc early 1980s according to
ETTS-IV (UN, 1986),8 million cubic meters o.b.
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Figure B.88. Projections for total potential harvest and growing stock for
coniferous, deciduous, and coppice species in Italy under the Dasic Forest
Study Scenario. Coniferous fellings in the early 1980s according to ETTS-IV
(UN, 1986),2 million cubic meters o.b.; deciduous feIlings in the early 1980s
according to ETTS-IV, 6 million cubic meters o.b.
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Figure B.89. Age-class distributions in Italy under the Basic Forest Study
Scenario for year 0, 35, and 75, respectively.
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Figure B.go. Projections for total potential harvest and growing stock in
Italy under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),8 million cubic meters o.b.
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Figure B.91. Projections for total potential harvest and growing stock for
coniferous, deciduous, and coppice species in Italy under the Forest Study
Decline Scenario. C;oniferous fellings in the early 1980s according to ETTS
IV (UN, 1986), 2 million cubic meters o.b.; deciduous fellings in the early
1980s according to ETTS-IV, 6 million cubic meters o.b.
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Figure B.02. Age-class distributions in Italy under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.93. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species in Italy under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS-IV
(UN, 1986),8 million cubic meters o.b.; coniferous fellings in the early 1980s
according to ETTS-IV, 2 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 6 million cubic meters o.b.
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Figure B.94. Projections for potential harvest and growing stock of coppice
in Italy under the Forest Land Expansion Scenario.



378 Future Forest Resources of Western and Eastern Europe

CONIFERS
Age class

10 10 10

30 30 30

SO SO 50

70 70 70

90 90 90

110 110 110

130 130 130
140 140 140

0 25 50% 0 25 50% 0 25 50%

Area: 562 Area: 719 Area: 719

DECIDUOUS
Age class

10 10 10

30 30 30

50 50 50

70 70 70

90 90 90

110 110 110

130 130 130
140 140 140

0 25 50% 0 25 50% 0 25 50%

Area: 405 Area: 615 Area: 615

Figure B.95. Age-class distributions in Italy under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Luxembourg (Table B.14 and Figures B.96 to B.103)

Basic Scenarios

379

Luxembourg's forests have not been managed in the recent past according
to handbook silviculture, as the huge harvest peak in the early years of the
Basic Handbook Scenario shows. Simultaneously, growing stock has plunged
by about 50 percent. While harvests continue to fluctuate over the remainder
of the simulation, growing stock increases steadily to about 225 cubic meters
per hectare. ETTS-IV harvest levels are not sustainable beyond about 60
years, after which they drop while growing stock builds up to some 190 cubic
meters per hectare. The Basic Forest Study Scenario calls for a lower harvest
than ETTS-IV for the first 60 years, thus keeping harvest sustainable with a
growing stock for both softwoods and hardwoods of some 250 cubic meters
per hectare. Harvests, mainly in hardwoods, come less from thinnings in this
scenario than in the Basic Handbook Scenario. This is a result of the age
class structure that initially is heavily skewed by lqrge proportions of forest
area in old stands. The initial coniferous structure is fairly well balanced,
but loses area from older classes with time.

Decline Scenarios

The imbalance between handbook silviculture and the existiIlg forest struc
ture is further emphasized by the Handbook Decline Scenario. Furthermore,
in this scenario, the potential harvest is eventually lower in comparison with
the basic scenario. The decrease of the total growing stock is also dramatic
in the decline scenario in comparison with the basic scenario.

In the ETTS-IV Decline Scenario it is only possible to keep ETTS-IV
harvest levels for about 50 years, after whic1\ the potential harvest level
drops. This is accompanied by a dramatic decrease of the total growing stock
(some 90 cubic meters per hectare lower than that of the basic scenario).

In the Forest Study Decline Scenario, it is possible to keep roughly the
same level of growing stock as in the basic scenario. However, the potential
harvest level has to be lower throughout the whole simulation period in
comparison with the basic scenario. The decreased harvest potential is about
0.08 million cubic meters per year. The most dramatic elTect of decline on
potential harvest levels will occur in deciduous species.
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Forest Land Expansion Scenario

In Luxembourg the land increase is small in hectares, but substantial. As
a result of the land expansion, the potential harvest will increase over time.
The major contribution to this increase comes from coniferous species. At
the end of the simulation period, the coniferous harvest will be about double
the coniferous harvest in the basic scenario. The harvest level of deciduous
species is about the same in the two scenarios.

At the end of the simulation period, the total growing stock will be about
the same in the expansion scenario as in the basic one. However, during tIle
first 30 years there is a decrease in the total growing stock (and coniferous
growing stock) decreases in comparison with the basic scenario.

The harvest level of deciduous species is roughly the same as that of the
basic scenario. This will generate an increasing growing stock of deciduous
species, which at the end of the simulation will result in a growing stock of
nearly 300 cubic meters per hectare.

Summary

Under basic conditions, there are no possibilities to keep the harvest levels
suggested by ETTS-IV for the whole simulation period. Decline attributed
to air pollutants will strongly influence (in relative terms) the future total
harvest potential. The total harvest potential will thus be decreased by
0.08 million cubic meters per year over the whole simulation period. The in
creased landbase will generate an additional potential harvest of 0.05 million
cubic meters per year during the 100-year period.
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Table B.14. Luxembourg.

Basic Basic Hand- Forest Forest
lIand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 249-226 249-192 249-254 249-138 249-101 249-210 249-260
Fellingsb

Year 1 0.82 0.36 0.24 0.94 0.36 0.16 0.24
Year 40 0.16 0.21 0.23 0.12 0.21 0.11 0.28
Year 80 0.21 0.18 0.23 0.14 0.15 0.11 0.32

Coniferou6
Growing stock" 210-242 210-118 210-231 210-212 210-120 210-234 210-206
Fellingsb

Year 1 0.10 0.14 0.08 0.12 0.14 0.06 0.08
Year 40 0.01 0.06 0.08 0.05 0.05 0.01 0.13
Year 80 0.08 0.01 0.08 0.05 0.05 0.01 0.11

Deciduou6
Growing stock" 261-221 261-191 261-259 261-116 261-95 261-281 261-291
FeJlingsb

Year 1 0.12 0.22 0.16 0.82 0.22 0.10 0.16
Year 40 0.09 0.21 0.15 0.01 0.22 0.10 0.15
Year 80 0.13 0.11 0.15 0.09 0.10 0.10 0.15

Summary of results
Potential harve6t (mill. m9 o.b./llrl
Total 0.24 0.25 0.23 0.21 0.23 0.15 0.28

Coniferous 0.08 0.08 0.08 0.01 0.01 0.05 0.13
Deciduous 0.16 0.11 0.15 0.14 0.16 0.10 0.15

Growth (m9 o.b./ha/llrl
Total 6.5 6.5 6.6 4.8 5.0 5.0 6.4

Coniferous 9.5 9.1 9.6 8.3 1.5 8.2 8.3
Deciduous 5.6 5.1 5.1 3.1 4.2 4.0 5.4

Development of growing 6tock (m9 o.b.jha; IIrO-lIrlOO)
Total 249-226 249-192 249-254 249-138 249-101 249-210 249-260

Coniferous 210-242 210-118 210-231 210-212 210-120 210-234 210-206
Deciduous 261-221 261-191 261-259 261-116 261-95 261-281 261-291

"In m 3 o.b./ha; yrO-yrlOO.
bIn mill. m 3 o.b./ye.
C Average Cor the 6imulation6 over 100 yean.
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Figure B.96. Projections for total potential harvest and growing stock in
Luxembourg under tIle basic scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),0.3 million cubic meters o.b.
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Figure B.97. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Luxembourg under the Basic Forest
Study Scenario. Coniferous feIlings in the early 1980s according to ETTS
IV (UN, 1986),0.1 million cubic meters o.b.; deciduous feIlings in the early
1980s according to ETTS-IV, 0.2 million cubic meters o.b.
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]Figure B.08. Age-class distributions in Luxembourg under the Basic Forest
~tudy Scenario for year 0, 35, and 75, respectively.
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Figure B.OO. Projections for total potential harvest and growing stock in
Luxembourg under the decline scenarios. Fellings in the early 1980s accord
ing to ETTS-IV (UN, 1986),0.3 million cubic meters o.b.
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Figure B.100. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Luxembourg under the Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986),0.1 million cubic meters o.b.; deciduous fellings in the early
1980s according to ETTS-IV, 0.2 million cubic meters o.b.
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Figure B.lO!. Age-class distributions in Luxembourg under the Forest
Study Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.I02. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species in Luxembourg under the Forest
Land Expansion Scenario. Total fellings in the early 1980s according to
ETTS-IV (UN, 1986),0.3 million cubic meters o.b.; coniferous fellings in the
early 1980s according to ETTS-IV, 0.1 million cubic meters o.b.; deciduous
fellings in the early 1980s according to ETTS-IV, 0.2 million cubic meters
o.b.
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Figure B.I03. Age-class distributions in Luxembourg under the Forest
Land Expansion Scenario for year 0, 35, and 75, respectively.
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Netherlands (Table B.15 and Figures B.I04 to B.llI)

Basic Scenarios

The existing forest structure appears to have evolved under a.pplication of
handbook silviculture, as shown by results of the "Basic Handbook Scenario.
Harvest is more or less stable at about 1 million cubic meters per year, with
growing stock increasing from 103 to 156 cubic meters per hectare. The
ETTS-IV harvest levels can be maintained, but result in a growing stock
that remains low throughout the simulation. The Basic Forest Study Sce
nario calls for a slightly lower harvest level than the ETTS-IV levels during
the first 40 years, permitting the growing stock to rise to 172 cubic meters
per hectare by the end of the simulation. The bulk of the annual harvest
comes from coniferous stands, and within these mostly from flIlal cuttings.
Harvests of both coniferous and deciduous species are stable throughout
the planning period, but tIle deciduous growing stock climbs strongly to
more than 200 cubic meters per hectare. Under this scenario, the conifer
ous age-class structure becomes more balanced, developing from a structure
of mostly 20- to 60-year-old stands. The age-class structure of deciduous
forests evolves from high proportions of young stands into an even structure
in the later part of the simulation.

Decline Scenarios

Forest decline attributed to air pollution disturbs the balance between the
existing structure and handbook silvicultural programs. The decline will
cause harvest pulses in the beginning of the simulation. After these pulses,
the potential harvest level decreases throughout the simulation period. The
total growing stock decreases at first, but by the end of the period it recovers
to the same level as that in the basic scenario.

ETTS-IV harvest levels cannot be maintained in the case of decline. In
the :Forest Study Decline Scenario, it is nearly possible to keep the same level
of the growing stock as in the basic scenario, but harvests have to be reduced
by about 0.2 million cubic meters per year. The deciduous and coniferous
species are affected to the same extent concerning relative potential harvest
in the decline situation.
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Forest Land Expansion Scenario

The increased forest landbase will generate a steady increase in the total har
vest level over time. At the end of the planning period, the harvest potential
is about 0.2 million higher in comparison with the Basic Forest Study Sce
nario. Coniferous and deciduous species contribute equally to this increased
harvest. The total growing stock and the growing stock of deciduous species
will increase over time but stay at lower level in comparison with the basic
scenario. The growing stock of conifers has about the same development as
in the basic scenario.

Summary

There is a rather good correspondence between the different scenarios under
basic conditions. However, the Basic Forest Study Scenario does not reach
the harvest level suggested by ETTS-IV. There is a strong forest-decline
effect (in relative terms) on the total potential wood supply. The decrease
of harvest caused by the decline is about 0.2 million cubic meters per year
over 100 years. The addition of new land will generate an increase of the
potential harvest of the same size.
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Table B.I5. Netherlands.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockQ 103-156 103-106 103-172 103-160 103-135 103-169 103-162
Fellingsb

Year 1 1.0 1.2 0.8 1.6 0.8 0.6 0.8
Year 40 1.0 1.0 1.0 0.6 1.0 0.8 1.1
Year 80 1.1 1.0 1.0 0.8 0.8 0.8 1.4

Coniferous
Growing stockQ 110-153 110-120 110-160 110-160 110-139 110-156 110-159
Fellingsb

Year 1 0.6 0.8 0.6 1.0 0.6 0.6 0.6
Year 40 0.7 0.7 0.7 0.5 0.7 0.6 0.7
Year 80 0.8 0.7 0.7 0.6 0.6 0.6 0.9

Deciduous
Growing stockQ 87-163 87-71 87-203 87-159 87-125 87"':200 87-168
Fellingsb

Year 1 0.4 0.4 0.2 0.6 0.2 0.2 0.2
Year 40 0.3 0.3 0.3 0.1 0.3 0.2 0.4
Year 80 0.3 0.3 0.3 0.2 0.2 0.2 0.5

Summary of results
Potential harvest (mill. m.9 o.b./llrt
Total 1.0 1.0 1.0 0.8 0.9 0.8 1.2

Coniferous 0.7 0.7 0.7 0.6 0.6 0.6 0.8
Deciduous 0.3 0.3 0.3 0.2 0.3 0.2 0.4

Growth (m.9 o.b./lia/llrt
Total 5.0 4.8 4.9 4.3 4.3 4.0 4.9

Coniferous 4.8 4.8 4.7 4.3 4.2 4.0 4.8
Deciduous 5.5 4.8 5.5 4.3 4.4 4.0 5.2

Development of growing stock (m.9 o.b./ha; IIrO-lIrlOO)
Total 103-156 103-106 103-172 103-160 103-135 103-169 103-162

Coniferous 110-153 110-120 110-160 110-160 110-139 110-156 110-159
Deciduous 87-163 87-71 87-203 87-159 87-125 87-200 87-168

QIn m3 o.h.fl"i; yrll-yrlOO.
bIn mill. m3 o.h.fyr.
e Average for lhe simulalions over 100 years.
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Figure B.I04. Projections for total potential harvest and growing stock
in the Netherlands under the basic scenarios. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),1.2 million cubic meters o.b.
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Figure B.lOS. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the Netherlands under the Basic l~orest

Study Scenario. Coniferous fellings in tIle early 1980s according to ETTS
IV (UN, 1986),0.8 million cubic meters o.b.; deciduous fellings in the early
1980s according to ETTS-IV, 0.4 million cubic meters o.b.
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Figure B.106. Age-class distributions in the Netherlands under the Basic
Forest Study Scenario for year 0, 35, and 75, respectively.



396 Future Forest Resources of t\'estern and Eastern Europe

CUllings
thousands cu. m. per year

2000

HANDBOOK SCENARIO
Volume

cu. m. per ha.
250

1500 200

1000

500

~_~ .. ISO

100

SO

0-4--fl--4L+-JtI-..JjL-4I--Ij1--Jt1---4l-.Jjytl---lJL--J~'t'-J+L---'+'-+-'+'--+-JtL-'+-O
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 J7 18 19 20

ETTS-IV SCENARIO

2000 250

1500 200

ISO

100

SO
500

O+--iL--,+,-++-ljl-..JjL-JtL-Ij1--Jt1--Jf1L-.ljYI'--IJL--J~'+'-J+L---'t'--'l'--J+L--'t'--Jt°
o I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 J7 18 19 20

1000

FOREST STUDY SCENARIO

2000 250

1500 200

1000

500

ISO

100

SO

III Final Pelling o Thinning - Sianding volume

Figure B.I07. Projections for lolal potential harvest and growing stock
in the Netherlands under tIle decline scenarios. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),1.2 million cubic melers o.b.
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Figure B.lOS. Projections for total potential harvest and growing stock
for coniferous and deciduous species in the Netherlands under the Forest
Study Decline Scenario. Coniferous fellings in the early 1980s according to
ETTS-IV (UN, 1986),0.8 million cubic meters o.b.i deciduous fellings in the
early 1980s according to ETTS-IV, 0.4 million cubic meters o.b.
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Figure B.I09. Age-class distributions in the Netherlands under the Forest
Study Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.llO. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in the Netherlands under the forest
Land Expansion Scenario. Total fellings in the early 1980s according to
ETTS-IV (UN, 1986), 1.2 million cubic meters o.b.; coniferous fellings ill the
early 1980s according to ETTS-IV, 0.8 million cubic meters o.b.; deciduous
fellings in the early 1980s according to ETTS-IV, 0.4 million cubic meters
o.b.
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Figure B.ll1. Age-class distributions in tlle Netherlands under the Forest
Land Expansion Scenario for year 0, 35, and 75, respectively.
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Norway (Table B.16 and Figures B.1l2 to B.1l5)

Basic Scenarios

401

The Basic Handbook Scenario indicates a very strong mismatch between
handbook silviculture and the initial forest structure. There is no forest
structure or biological constraint in Norway against harvesting at ETTS-IV
levels. In fact, carrying out such harvest rates through the simulation pe
riod results in a rather high growing stock (from about 100 cubic meters
per hectare to about 275 cubic meters per hectare). This would lead to
significant problems of forest vitality with increased degrees of competitive
stress and overmature stands. Thus, the Basic Forest Study Scenario forces a
higher harvest level than the Basic ETTS-IV Scenario by about 40 percent.
Even in this case, the growing stock increases to about 225 cubic meters
per hectare. This suggests that harvest levels could be pushed even higher
without compromising the sustainability of Norway's forest resources. In
this case, the age-class structure moves from one with fairly even distribu
tion of all age classes, especially quite mature ones, to one with almost all
stands younger than 80 years. Unfortunately, because of the nature of the
basic forest-inventory data from Norway, we cannot show separate results
for coniferous and deciduous forests.

Decline Scenarios

The Handbook Decline Scenario illustrates a dramatic imbalance between
the existing structure of the forest and the silvicultural programs employed.
A huge harvest peak occurs in the first period under the decline conditions.
During the middle of the simulation period there is a slightly higher harvest
potential in the decline scenario than under basic conditions. The potential
harvest level has a strong cyclic development, indicating that a structural
change in the forest resources is required. At the end of the simulation
period there is a decrease in the growing stock in comparison with the basic
scenario.

ETTS-IV harvest levels can also be obtained under decline conditions.
However, it results in a lower growing stock in comparison with the basic
scenario.

In the Forest Study Decline Scenario, it is not possible to achieve the
same potential harvest level and growing stock as in the basic scenario. The
potential harvest is about 0.8 million cubic meters per year lower.
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Summary

There are big differences between individual scenarios under basic conditions.
The handbook scenario gives the highest total potential harvest level. The
harvest level suggested by ETTS-IV can easily he surpassed, as shown in tlle
Basic Forest Study Scenario. However, in Norway there are big differences
between potential and economic (real) wood supply. The effects of forest
decline in Norway are less severe than in the other Nordic countries.

Table B.16. Norway.

Basic Basic Hand-
Hand- Basic Forest book

Variable book ETTS-IV Study Decline

Selected data on harvests and growing stock
Total
Growing stockG 83-195 83-272 83-227 83-168
Fellingsb

Year 1 45.4 11.0 18.0 68.8
Year 40 17.3 15.9 19.6 19.0
Year 80 28.9 15.9 22.0 28.3

Summary of results
Potential harvest {mill. m9 o.b./I/rr
Total 23.4 14.9 20.6 24.4

Growth {m9 o.b./ha/I/rr
Total 5.6 4.8 5.4 5.6

Development 0/ growing stocl (m9 o.b./ha; I/rO-l/r100)
Total 83-195 83-272 83-227 83-168

GIn m3 o.b./ha; yl'O--yrl00.
bIn mill. m3 o.b.IYr.
eAverage for the simulations over 100 yean.

Forest Forest
ETTS-IV Study Land
Decline Decline Expansion

83-248 83-211

11.0 17.0
15.9 20.8
16.0 20.8

14.9 19.8

4.5 5.1

83-248 83-211
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Figure B.1l2. Projections for total potential harvest and growing stock in
Norway under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 11 million cubic meters o.b.
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Figure B.113. Age-class distributions in Norway under the flasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.114. Projections for total potential harvest and growing stock in
Norway under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 11 million cubic meters o.b.
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Figure B.1l5. Age-class distributions in Norway under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Poland (Table B.17 and Figures B.116 to B.123)

Basic Scenarios

407

The Basic Handbook Scenario indicates that, in Poland, the existing for
est structure has evolved under something close to handbook silviculture.
In this scenario, growing stock remains quite stable througllOut the simu
lation at about 190 cubic meters per hectare. ETTS-IV harvest levels are
shown to be possible, but growing stock decreases slightly toward the end of
the simulation. The Basic Forest Study Scenario has harvest levels roughly
equivalent to those of ETTS-IV. Coniferous species dominate the increasing
harvests, and the proportion of thinnings, roughly about half the total har
vest in the beginning, increases over time. Most deciduous harvest comes
from final cuttings. Overall growing stock stabilizes at about 200 cubic me
ters per hectare, but it increases for coniferous species, while it decreases
steadily from 170 to 130 cubic meters per hectare for deciduous species.
The decrease for deciduous species results from an initial age-class structure
weighted heavily with middle-age classes, developing to a structure with
more area in the low-volume young classes. The initial age-class distribution
for conifers, which is concentrated on younger and middle-age classes, gains
a more even structure late in the simulation, but maybe with too much area
in older stands.

Decline Scenarios

The balance between existing forest structure and silviculture programs is
disturbed in the decline scenario. The Handbook Decline Scenario gener
ates higher harvest levels during the first 30 years of the simulation period.
Later there is a strong decrease of the potential harvest level in the decline
situation, and the growing stock is also negatively affected.

Only during the first 70 years in the decline situation is it possible to
follow the harvest level of ETTS-IV. The total growing stock is much lower
in the decline scenario than in the basic scenario, dropping to a level of about
100 cubic meters per hectare at the end of the period. In the Forest Study
Decline Scenario, growing stock is kept at the same level as in the basic
scenario, but potential harvest levels must be reduced by about 11 million
cubic meters per year in comparison with the basic scenario. The strongest
effect of decline takes place in coniferous species.
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Forest Land Expansion Scenario

Poland has expressed a desire to increase its forest landbase in the future,
primarily by conversion of abundant agricultural land. The increased land
base results in a slight increase of the potential harvest after about 25 years
and through the rest of the planning period. The dominating part of the
increased harvest comes from coniferous species. Total and coniferous grow
ing stocks follow the same pattern as in the Basic Forest Study Scenario. In
deciduous species a decrease in the growing stock is expected, although less
pronounced than in the basic scenario.

Summary

The Basic Handbook Scenario gives the highest harvest potential under ba
sic conditions. As expected, with the high depositions of air pollutants in
Poland, the total harvest potential is strongly affected in the decline sce
narios. The decline reduces the total potential haryest by about 11 million
cubic meters per year during 100 years.
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Table B.17. Poland.
Basic Basic lIand- Forest Forest
lIand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 163-194 163-199 163-196 163-150 163-94 163-217 163-204
Fellingsb

Year 1 37.0 25.4 25.6 32.0 25.4 13.0 25.6
Year 40 34.3 31.7 31.8 30.8 31.7 22.0 32.4
Year 80 34.4 31.7 31.8 21.0 29.6 22.1 32.4

Coniferous
Growing stock" 162-201 162-213 162-214 162-161 162-101 162-242 162-219
Fellingsb

Year 1 29.6 20.4 20.6 24.8 20.4 10.6 20.6
Year 40 27.6 24.9 24.6 25.9 24.9 16.8 25.4
Year 80 28.5 24.9 24.6 17.9 25.0 16.9 25.4

Deciduous
Growing stock" 168-170 168-145 168-126 168-108 168-65 168-120 168-145
Fellingsb

Year 1 7.4 5.0 5.0 7.2 5.0 2.4 5.0
Year 40 6.7 6.8 7.2 4.9 6.8 5.2 7.0
Year 80 5.9 6.8 7.2 3.1 4.6 5.2 7.0

Summary of results
Potentialllarvest (mill. mS o.b./lJrt
Total 33.9 30.2 30.4 28.7 29.5 19.4 30.9

Coniferous 27.5 23.7 23.6 23.5 23.8 14.8 24.2
Deciduous 6.4 6.5 6.8 5.2 5.7 4.6 6.7

Growth (m 9 o.b./ha/lJrt
Total 4.6 4.2 4.2 3.5 3.0 3.0 4.1

Coniferous 4.7 4.3 4.3 3.7 3.2 3.2 4.2
Deciduous 3.9 3.7 3.8 2.6 2.5 2.3 3.6

Development of growing stock (ms o.b.jha; IJrO-lJr100)
Total 163-194 163-199 163-196 163-150 163-94 163-217 163-204

Coniferous 162-201 162-213 162-214 162-161 162-101 162-242 162-219
Deciduous 168-170 168-145 168-126 168-108 168-65 168-120 168-145

"In rn3 o.b./haj yrO-yrlOO.
bin mill. rn3 o.b./yr.
e Average for the simulations over 100 years.
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Figure B.llO. Projections for total potential harvest and growing stock in
Poland under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),25 million cubic meters o.b.
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Figure H.U7. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Poland under the Basic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 20 million cubic meters o.b.j deciduous fellings in the early 1980s
according to ETTS-IV, 5 million cubic meters o.b.
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Figure B.llS. Age-class distributions in Poland under the Dasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.119. Projections for total potential harvcst and growing stock in
Poland under the dccline sccnarios. Fellings in the early 19808 according to
ETTS-IV (UN, 1986),25 million cubic mcters o.b.
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Figure B.120. Projections for total potential harvest and growing stock for
coniferous and deciduous species in Poland under the Forest Study Decline
Scenario. Coniferous fcllings in the early 1980s according to ETTS-IV (UN,
1986), 20 million cubic meters o.b.; deciduous fcllings in the early 1980s
according to ETTS-IV, 5 million cubic meters o.b.
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Figure B.121. Age-class distributions in Poland under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.122. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species ill Poland under the Forest Land
Expansion Scenario. Total feIlings in the early 1980s according to ETTS
IV (UN, 1986), 25 million cubic meters o.b.; coniferous feIlings ill the early
1980s according to ETTS-IV, 20 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 5 million cubic meters o.b.
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Figure B.123. Age-class distributions in Poland under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Portugal (Table B.IS and Figures B.124 to B.131)

Basic Scenarios

The development of harvest levels and growing stock in Portugal is unique
among the European countries. Implementation of tlle llasic Handbook Sce
nario produces unstable, rather cyclic patterns, starting from very low levels
in the first period of the simulation. This can be explained by Portugal's
recent establishment of huge areas of new plantations of both coniferous and
deciduous species, and especially of eucalyptus. Since the rotation period for
eucalyptus is very short, a cyclic pattern is expected. The implementation
of handbook silviculture produces pulses in the harvest, at least for one cycle
in coniferous species but for several cycles in deciduous species. Ultimately,
though, the harvests begin to stabilize, as does growing stock.

It is not possible to maintain ETTS-IV harvest levels beyond the first
30 years into the simulation. This may result from the increase of the for
est landbase in the projections provided to ETTS-IV, while our model for
Portugal maintains a constant landbase for the basic scenarios. The Ba
sic Forest Study Scenario features llarvest levels below those of ETTS-IV,
but our objectives to stabilize the harvest pattern over time and to main
tain or increase growing stock are reached for both coniferous and deciduous
forests. Total harvest stabilizes at about 8 million cubic meters per year,
rather equally distributed between coniferous and deciduous species. Grow
ing stock for both types holds steady, slightly below 200 cubic meters per
hectare. Notably, all harvests in Portugal are taken as final cuts.

Decline Scenarios

The cyclic development of the potential harvests from the Basic Handbook
Scenario shows up also in the Handbook Decline Scenario. The growing stock
levels and developments are about the same in the two scenarios, but the
potential harvest level must be substantially reduced in the decline scenario
by about 1.25 million cubic meters per year. The reduced harvest potential
of both deciduous and coniferous species occurs at the beginning of the
simulation period. The strongest effects of decline are visible in deciduous
species.

In the ETTS-IV Decline Scenario, a cyclic harvesting pattern is at hand
during the first half of the planning period. In the Forest Study Decline
Scenario, the harvest level in the later part of the simulation is 2 million
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cubic meters per year lower than the harvest level of the Basic Forest Study
Scenario.

Forest Land Expansion Scenario

The effects of the Forest Land Expansion Scenario on the total potential
harvest will start from the beginning of the planning period. The total
potential harvest level is about 4.5 million cubic meters per year higher
than in the basic scenario at the end of the planning period. The increased
landbase generates about the same increase of potential harvest in coniferous
and deciduous species. For deciduous species the effects on the potential
harvest occur after about 10 years, as a result of the short rotation periods
for eucalyptus.

The increased landbase leads to strong increases in the total growing
stock during the planning period. However, neither coniferous nor deciduous
growing stocks will not reach the same level as the level in the Basic Forest
Study Scenario.

Summary

There are rather big differences between the scenarios under the basic con
ditions. It is not possible to reach the harvest level suggested by ETTS-IV,
mainly because a land increase is included in ETTS-IV which is not ac
counted for in our basic scenarios. The other reason is that forestry in
Portugal is in an expansion phase. The total potential harvest will be influ
enced by decline caused by air pollutants. The most affected species group
is deciduous. In the decline scenario, the total potential harvest is reduced
by 1.5 million cubic meters per year over 100 years. The estimated land
increase adds 2.8 million cubic meters per year over the whole simulation
period to the potential harvest.
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Table B.18. Portugal.

Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 90-153 90-117 90-188 90-156 90-98 90-178 61-171
FeIlingsb

Year 1 2.4 6.6 3.0 8.8 8.6 3.0 3.2
Year 40 7.0 8.1 8.1 8.0 8.8 6.5 11.2
Year 80 9.6 8.9 8.1 6.2 7.6 6.1 12.6

Con ifero U6

Growing stock" 102-164 102-128 102-189 102-149 102-112 102-174 102-162
FeIlingsb

Year 1 1.8 5.4 1.8 7.8 7.4 1.8 2.0
Year 40 3.5 4.0 4.3 4.6 4.9 4.1 5.6
Yea.r 80 5.0 5.1 4.3 4.0 4.4 3.7 6.8

Deciduou6
Growing stock" 61-127 61-90 61-187 61-172 61-64 61-189 61-171
FeIlingsb

Year 1 0.6 1.2 1.2 0.8 1.4 1.2 1.2
Year 40 3.5 4.1 3.8 3.4 3.9 2.4 5.6
Year 80 4.6 3.8 3.8 2.2 3.2 2.4 5.8

Summary of results
Potential harIJe6t (mill. m9 o.b./I/rt
Total 8.5 9.3 7.5 7.3 8.4 6.0 10.3

Coniferous 4.5 5.2 4.1 4.3 4.8 3.7 5.4
Deciduous 4.0 4.1 3.4 3.0 3.6 2.3 4.9

Growth (m 9 o.b./ha/I/rt
Total 6.4 6.5 6.0 5.6 5.8 4.9 5.7

Coniferous 4.9 5.2 4.8 4.6 4.8 4.2 4.1
Deciduous 9.9 9.6 9.0 7.9 8.2 6.5 8.8

DelJelopment of growing 6tock (m9 o.b./I.a; I/rO-l/rlOO)
Total 90-153 90-117 90-188 90-156 90-98 90-178 61-171

Coniferous 102-164 102-128 102-189 102-149 102-112 102-174 102-162
Deciduous 61-127 61-90 61-187 61-172 61-64 61-189 61-171

"In m 3 o.b./ha; yrO-yrlOO.
bin mill. m 3 o.b.IYr.
eAverage (or the simulations over 100 years.
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Figure B.124. Projections for total potential harvest and growing stock in
Portugal under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986), 11 million cubic meters o.b.
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Figure B.125. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Portugal under the Dasic Forest
Study Scenario. Coniferous fellings in the early 1980s according to ETTS-IV
(UN, 1986),7 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 4 million cubic meters o.b.
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Figure B.126. Age-class distributions in Portugal under the Dasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.127. Projections for total potential harvest and growing stock in
Portugal under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),11 million cubic meters o.b.
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Figure B.128. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Portugal under the Forest Study
Decline Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986), 7 million cubic meters o.b.; deciduous feIlings in the early
1980s according to ETTS-IV, 4 million cubic meters o.b.
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Figure B.129. Age-class distributions in Portugal under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.130. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Portugal under the forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986), 11 million cubic meters o.b.; coniferous fellings in the early
1980s according to ETTS-IV, 7 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 4 million cubic meters o.b.
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Figure B.131. Age-class distributions in Portugal under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.
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Romania (Table B.l9 and Figures B.l32 to B.l37)

Basic Scenarios

429

Handbook silviculture has not been practiced recently in Romania. This is
clearly shown in the Basic Handbook Scenario by the huge harvest pulse
resulting from a mismatch between implementation of handbook silviculture
and the initial forest structure. After a first reaction, the potential harvests
and the mean growing stock increase steadily, the latter reaching a level
of about 240 cubic meters per hectare. ETTS-IV harvest levels are easily
realizable, but result in a strong increase of the growing stock to about 370
cubic meters per hectare. In the Basic Forest Study Scenario, harvest levels
are higher, about 40 million cubic meters per year, with a larger proportion of
thinnings than in the Basic Handbook Scenario. Deciduous species account
for some 60 percent of the harvests. The deciduous harvest levels need to be
reduced somewhat after 60 years, but the coniferous harvest level remains
stable througllOut the simulation. The overall growing stock is stabilized
at about 225 cubic meters per hectare; the coniferous species, at nearly 300
cubic meters per hectare; and the deciduous, at 210 cubic meters per hectare.
Both the coniferous and deciduous age-class structures are developing into
structures without stands of more than 100 years of age.

Decline Scenarios

In the Handbook Decline Scenario, there is a strengthened harvesting pulse
in the beginning of the simulation period with higher harvest levels during
the first periods. Later, the potential harvest level is about the same as in
the basic scenario, though the extent of thinnings is much higher in the case
of decline. The higher potential harvest levels and the higher proportion
of thinnings in the decline scenario can be explained by the changed silvio
cultural programs implemented under these conditions. To keep the forests
vital, it is necessary to increase the extent of thinnings over time, resulting
in a lower mean growing stock.

In the ETTS-IV Decline Scenario, it is possible to keep ETTS-IV harvest
levels throughout the simulation, but only with a reduction of growing stock
by about 100 cubic meters per hectare during the simulation period.

In the Forest Study Decline Scenario the mean growing stock cannot be
preserved at the same levels as in the Basic Forest Study Scenario. The
difference is about 37 cubic meters per hectare at the end of the simulation
period. Neither is it possible in the decline scenario to maintain the harvest
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levels identified in the basic scenario. The growing stock of conifers is lower
in the decline scenario, but the harvest levels are about the same in the
two scenarios. The proportions oC thinnings and final Ceilings of conifers is
also about the same in the two scenarios. The strongest effects of decline
are on deciduous species. The deciduous growing stock is about 50 cubic
meters per hectare lower in the decline scenario by the end of the simulation
period. The harvest levels of all species groups are much lower throughout
the simulation period in comparison with the basic scenario.

Summary

Under basic conditions, there are good possibilities to exceed the harvest lev
els identified by ETTS-IV. The results for the Basic Handbook Scenario and
the Basic Forest Study Scenario are similar. Forest decline will reduce the
total potential harvest by about 3.8 million cubic meters per year through
out the simulation period. The growth for coniferous species appears higher
in the Handbook Decline Scenario than in the other scenarios, probably be
cause the management program employed in this scenario keeps the growing
stock low and the coniferous area concentrated on the lower age classes. In
fact, the growth rates are at the highest for these classes. This implies that
the handbook silvicultural program is not well defined.
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Table B.19. Romania.
Basic Basic Ibnd- Forest Forest
IIand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 174-237 174-366 174-226 174-160 174-263 174-189
Fellingsb

Year 1 85.0 20.6 39.6 1l0.2 20.4 33.8
Year 40 32.0 28.0 41.8 35.2 28.6 37.3
Year 80 39.6 28.0 39.5 38.8 28.1 36.9

ConiJerou6
Growing stock" 237-361 237-517 237-292 237-203 237-456 237-276
Fellingsb

Year 1 33.0 7.8 16.0 42.8 7.8 15.8
Year 40 11.9 11.2 17.1 17.7 11.4 17.4
Year 80 16.0 11.2 17.2 19.3 11.5 17.3

Deciduou6
Growing stock" 163-207 163-348 163-212 163-156 163-199 163-157
Fellingsb

Year 1 51.2 12.2 23.0 64.8 12.2 17.4
Year 40 17.8 16.0 24.0 15.6 16.3 19.2
Year 80 21.9 16.0 21.6 17.4 16.0 19.0

Coppice
Growing stock" 92-108 92-129 92-150 92-89 92-135 92-147
Fellingsb

Year 1 0.8 0.6 0.6 2.6 0.4 0.6
Year 40 2.3 0.8 0.7 1.9 0.9 0.7
Year 80 1.7 0.8 0.7 2.1 0.6 0.6

Summary of results
Potential harved {mill. m 3 o.b.jllrt
Total 39.2 26.5 40.2 44.0 26.7 36.4

Coniferous 15.3 10.5 16.9 21.0 10.7 17.0
Deciduous 22.2 15.2 22.7 20.8 15.3 18.8
Coppice 1.7 0.8 0.6 2.2 0.7 0.6

Growth {m3 o.b./ha/llrt
Total 6.9 6.2 7.0 6.9 5.2 6.0

Coniferous 9.6 8.5 9.7 11.1 8.0 9.7
Deciduous 6.3 5.9 6.5 5.4 4.4 4.9
Coppice 3.1 1.8 1.7 3.8 1.7 1.7

Development oj growing dock (m3 o.b./ha; IIrO-lIrJOO)
Total 174-237 174-366 174-226 174-160 174-263 174-189

Coniferous 237-361 237-517 237-292 237-203 237-456 237-276
Deciduous 163-207 163-348 163-212 163-156 163-199 163-157
Coppice 92-108 92-129 92-]50 92-89 92-]35 92-]47

"In m3 o.b./ha; yrO-yrlOO.
bIn mill. m 3 o.b.IYr.
eAverage for Hoe simulations over) 00 years.
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Figure B.132. Projections for total potential harvest and growing stock in
Romania under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),21 million cubic meters o.b.
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Figure B.133. Projections for total potential harvest and growing stock
for coniferous, deciduous, and coppice species in Romania under the Basic
Forest Study Scenario. Coniferous feIlings in the early 1980s according to
ETTS-IV (UN, 1986),8 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 13 million cubic meters o.b.
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Figure B.134. Age-class distributions in Romania under the Dasic Forest
Study Scenario for year 0,35, and 75, respectively.
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Figure 8.135. Projections for total potential harvest and growing stock in
Romania under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV {UN, 1986),21 million cubic meters o.b.
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Figure B.136. Projections for total potential harvcst and growing stock
for coniferous, deciduous, and coppice species in Romania undcr the Forest
Study Decline Scenario. Coniferous fcllings in the carly 1980s according to
ETTS-IV (UN, 1986),8 million cubic meters o.b.; deciduous fcllings in the
early 1980s according to ETTS-IV, 13 million cubic meters o.b.
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Figure B.137. Age-class distributions in Romania under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.



438 Future Forest Resources of Western and Eastern Europe

Spain (Table B.20 and Figures B.138 to B.141)

Basic Scenario

Because of limitations in the basic inventory data, Spain's forest resources
had to be analyzed using a diameter-distribution model instead of an area
based model. This concept is used even though many of Spain's forests are
managed on an area basis. Moreover, it is not possible to generate either
a Basic Handbook Scenario or a Basic ETTS-IV Scenario. This is because
we have not been able to produce a stable simulation over 100 years by
invoking handbook silviculture, and we have not been able to determine
a credible way to arrange the harvest rules in the diameter classes when
the total harvest is set to ETTS-IV levels. Therefore, we present only one
basic scenario for Spain, the Basic Forest Study Scenario, which has a strong
flavor of handbook silviculture. The harvests for Spain register entirely as
thinnings.

According to the Basic Forest Study Scenario the total harvest in Spain
is higher than the ETTS-IV levels, growing from 14 to 22 million cubic
meters per year over time. About two-thirds of the harvest is coniferous,
and coppice represents only a small portion. Harvests for the coniferous and
deciduous species groups increase substantially over the simulation period.
The mean growing stock also increases dramatically but is still relatively low
compared with many other countries; by the end of the simulation period,
it levels off or declines for all three species groups.

Forest Land Expansion Scenario

The expected future of increase of the forest landbase in Spain is large.
This is reflected in the harvest potentials of tlle expansion scenario. The
increase of the harvest level starts immediately in the simulation and in
creases steadily over time to 25 million cubic meters per year, compared
with 20 million cubic meters per year in the basic scenario. The increased
harvests come from both coniferous and deciduous species. The coppice
harvest is not infl uenced by the expansion scenario.

The mean growing stock in the expansion scenario increases slightly over
time, but to a lower level than in the basic scenario. Concerning coniferous
species, the development and level of the growing stock are about the same
in the two scenarios. This situation can be explained by the fact that the
structure of the coniferous forests will not be changed by the increased area.
In deciduous species, the level of the mean growing stock is much lower in
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the expansion scenario. The growing stock of coppice is not influenced by
the increased forest landbase.

Summary

It has not been possible to quantify the effects of forest decline in Spain.
The expansion of forest land will generate increased harvest potentials in
comparison with the basic conditions by about 2.1 million cubic meters per
year throughout the simulation period.
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Table B.20. Spain.

Basic Basic Hand-
Hand- Basic Forest book

Variable book ETTS-IV Study Decline

Forest
ETTS-IV Study
Decline Decline

Forest
Land
Expansion

Selected data on harvests and growing stock
Total
Growing stockG 68-131
Fcllings'

Year 1 14.2
Year 40 16.2
Year 80 21.6

75-98

14.6
17.8
25.2

Coniferous
Growing stockG

Fellings'
Year 1
Year 40
Year 80

Deciduous
Growing stockG

Fellings'
Year 1
Year 40
Year 80

61-109

9.2
10.4
13.8

112-260

4.8
5.4
7.4

67-100

9.4
11.7
15.6

124-95

5.0
5.7
9.2

Coppice
Growing stockG

Fellings'
Year 1
Year 40
Year 80

36-86

0.2
0.4
0.4

36-86

0.2
0.4
0.4

3.0
2.9
3.3
3.6

20.0
12.6

7.0
0.4

75-98
67-100

121-95
36-86

3.8
3.0
8.3
3.6

o.b./ha; yrO-yrlOO)
68-131
61-109

112-260
36-86

o.b./JJrr
17.9
11.4
6.1
0.4

Summary of results
Potential harvest (mill. mS

Total
Coniferous
Deciduous
Coppice

Growth (ms o.b./ha/yrr
Total

Coniferous
Deciduous
Coppice

Development of growing stock (ms

Total
Coniferous
Deciduous
Coppice

GIn m 3 a.h./ha; yrO-yrlOO.
bIn nUll. m 3 a.h.fyr.
e Average for the simulations over 100 years.
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Figure B.138. Projections for total potential harvest and growing stock
in Spain under the Basic Forest Study Scenario. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),13 million cubic meters o.b.
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Figure B.139. Projections for total potential Ilarvest and growing stock for
coniferous, deciduous, and coppice species in Spain under tIle Basic Forest
Study Scenario. Coniferous fellings in tIlc carly 1980s according to ETTS-IV
(UN, 1986),9 million cubic meters o.b.; deciduous feIlings in thc early 1980s
according to ETTS-IV, 4 million cubic meters o.b.
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Figure B.140. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species in Spain under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986), 13 million cubic meters o.b.; conircrous fellings in the early
1980s according to ETTS-IV, 9 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 4 million cubic meters o.b.
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Figure B.141. Projections for total potential harvest and growing stock of
coppice in Spain under the Forest Land Expansion Scenario.
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Sweden (Table B.21 and Figures B.142 to B.149)

Basic Scenarios

445

Because of a large amount of mature and overmature forests in Sweden,
implementation of handbook silviculture results in huge harvests in the early
periods of the simulation. ETTS-IV harvest levels can easily be reached, wi th
a continuous increase in average growing stock from about 100 cubic meters
per hectare to roughly 150 cubic meters per hectare. The Basic Forest Study
Scenario results closely match the Basic ETTS-IV Scenario, mainly because
the information provided by Sweden to the ErrS-IV compilation is based
on quantitative analyses structured much like those of the Forest Study.

Coniferous harvests are very stable over the entire simulation period, but
deciduous harvests are much higher in the first 20 years; later they stabilize
to a lower sustainable level. This results from the high proportions of older
deciduous stand areas in the initial age-class structure for deciduous forests.
It is also associated with the fact that a large part of deciduous harvests are
taking place in coniferous wood stands, which in this study are classified as
coniferous stands.

Dec/ine Scenarios

The imbalance between actual forest structure and handbook silviculture
in the Basic Handbook Scenario is strengthened in the Handbook Decline
Scenario. During the middle of the simulation period, the potential harvest
level is the same in the two scenarios, but by the end of the simulation period
the potential harvest level is lower in the decline scenario. The growing stock
is about 35 cubic meters per hectare lower in the decline scenario at the end
of the simulation period.

Under decline conditions, the harvest level suggested by ETTS-IV can be
yielded only during the first 30 years. The growing stock is also affected by
the decline, reaching a level about 23 cubic meters per hectare lower at the
end of the simulation period than under basic conditions. The same total
growing-stock level can be achieved in the Forest Study Decline Scenario as in
the Basic Forest Study Scenario, but only with a total potential harvest level
of about 5.8 million cubic meters per year lower. From a potential harvest
point of view, the coniferous species are most affected by the decline, mainly
because this species group dominates the growing stock in Sweden.
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Forest Land Expansion Scenario

The increased landbase will generate a slight increase of the harvest potential
for most of the planning period. The dominating part of the increased
harvest comes from coniferous species. The total growing stock will develop
both at the same level and with the same pattern as those in the Basic Forest
Study Scenario. For conifers the growing stock will be slightly lligher with
an increased landbase.

Summary

The Basic ETTS-IV Scenario and the Basic Forest Study Scenario give the
same results. Under basic conditions, the handbook scenario generates the
lowest total potential harvest level. The potential harvest level is rather
strongly affected by decline conditions, with reductions close to 6 million
cubic meters per year during the whole simulation period. The increased
landbase generates an additional total potential harv~st of 2.3 million cubic
meters per year.
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Table B.2l. Sweden.
Basic Basic Hand- Forest Forest
I1and- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stock" 101-171 101-147 101-147 101-132 101-122 101-137 101-136
Fellingsb

Year 1 148.8 57.2 57.2 165.7 57.2 45.2 63.2
Year 40 55.1 76.1 76.1 57.4 74.8 74.6 80.5
Year 80 75.2 77.3 77.3 74.6 75.6 73.4 80.8

Coniferous
Growing stock" 103-174 103-153 103-153 103-138 103-130 103-147 103-144
Fellingsb

Year 1 135.1 50.1 50.1 151.3 50.1 41.1 54.1
Year 40 47.7 67.8 67.8 50.0 67.9 64.8 72.0
Year 80 65.6 67.7 67.7 67.2 67.7 64.8 71.2

Deciduous
Growing stock" 82-147 82-92 82-92 82-76 82-54 82-51 82-74
Fellingsb

Year 1 13.7 7.1 7.1 14.4 7.1 4.1 9.1
Year 40 7.4 8.3 8.3 7.4 6.9 9.8 8.5
Year 80 9.6 9.6 9.6 7.4 7.9 8.6 9.6

Summary of results
Potential harvest (mill. mS o.b./lIrt
Total 70.7 75.6 75.6 72.0 74.6 69.8 77.9

Coniferous 62.1 66.1 66.1 64.2 66.2 61.1 67.9
Deciduous 8.6 9.5 9.5 7.8 8.4 8.7 10.0

Growtll (mS o.b./ha/llrt
Total 3.7 3.7 3.7 3.4 3.4 3.4 3.7

Coniferous 3.7 3.7 3.7 3.4 3.4 3.4 3.6
Deciduous 4.2 4.1 4.1 3.2 3.3 3.4 4.0

Development 0/ growing stock (ms o.b./ha; IIrO-lIr100)
Total 101-171 101-147 101-147 101-134 101-124 101-139 101-148

Coniferous 103-174 103-153 103-153 103-139 103-130 103-147 103-155
Deciduous 82-147 82-92 82-92 82-81 82-57 82-54 82-95

"In m 3 o.b./hai yrO-yrlOO.
bIn mill. m 3 o.b.IYr.
eA verage for the simulations over 100 years.
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Figure B.142. Projections for total potential harvest and growing stock in
Sweden under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),57 million cubic meters o.b.
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Figure B.143. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Sweden under the Dasic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 50 million cubic meters o.b.; deciduous fc11ings in the early 1980s
according to ETTS-IV, 7 million cubic meters o.b.
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Figure B.144. Age-class distributions in Sweden under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.145. Projections for total potential harvest and growing stock in
Sweden under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),57 million cubic meters o.b.
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Figure B.146. Projections for total potential harvcst and growing stock for
conifcrous and deciduous spccies in Swedcn under thc Forest Study Dcclinc
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 50 million cuhic meters o.h.; dcciduous fellings in the carly 1980s
according to ETTS-IV, 7 million cuhic meters o.h.
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Figure B.147. Age-class distributions in Sweden under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.148. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species in Sweden under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, Hl86), 57 million cubic meters o.b.; coniferous feIlings in the early
1980s according to ETTS-IV, 50 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 7 million cubic meters o.b.
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Figure B.149. Age-class distributions in Sweden under the Forest Land
Expansion Scenario for year 0,35, and 75, respectively.
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Switzerland (Table B.22 and Figures D.150 to D.157)

Basic Scenarios

The Basic Handbook Scenario sllOws no correspondence between handbook
silviculture and the initial forest structure of Switzerland. After huge har
vests in the initial periods, harvests stabilize at about 7 million cubic meters
per year, with a steady increase of growing stock to about 345 cubic meters
per hectare. ETTS-IV harvest levels can easily be realized, with the mean
growing stock increasing to about 500 cubic meters per hectare, an extremely
high level. Under such conditions, harvests must surely be increased.

The ETTS-IV submission from Switzerland was based on old informa
tion. The Basic Forest Study Scenario calls for much higher harvest lev
els, bringing the overall growing stock down to about 330 cubic meters per
hectare by the end of the simulation. Most of these harvests come from final
cuts in coniferous stands. The mean growing stock of conifers declines over
tIle simulation, from approximately 400 cubic mete~s per hectare to 300 cu
bic meters per hectare, while that of deciduous shows an opposite pattern.
Old stands dominate the coniferous age-class structure at tIle beginning of
the simulation, but the age-class structure evens out over time - explaining
the high harvest potential and the self-decline of the growing stock. The ini
tial deciduous age-class structure permits an increasing growing stock over
time.

Decline Scenarios

The early harvest pulse is strengthened in the Handbook Decline Scenario.
The potential harvest level is lower throughout the whole simulation period
(after the pulses) in comparison wi th the basic scenario. The mean level
of the growing stock is also lower in the decline scenario, about 150 cubic
meters per hectare lower at the end of the period studied, in comparison
with the basic scenario.

The harvest levels of ETTS-IV are possible to achieve in the decline
scenario. However, such harvest levels strongly inn uence the level of the
total growing stock, which in the decline scenario are about 140 cubic meters
per hectare lower than those of the Basic ErrS-IV Scenario.

It is possible to keep the level of the growing stock identified in the Basic
Forest Study Scenario stable in the decline case. Nevertheless, harvest levels
are heavily influenced in the decline situation, being reduced by about 2,4
million cubic meters per year in comparison wi th tllC basic scenario. The
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potential harvest of coniferous species is most affected by the decline. The
reduction of potential harvests strongly influences the levels of final cuts in
both coniferous and deciduous stands.

Forest Land Expansion Scenario

The increased forest landbase of Switzerland generates slight impacts on
the potential harvest, mainly as a result of the rather long rotation periods
in this country with the increase of the forest landbase. It is possible to
have a more stable development of the total growing stock at about the
same level as in the basic scenario. This is also valid for coniferous species.
Concerning deciduous growing stock, the mean level is lower but with the
same development pattern as in the basic scenario.

Summary

Under the basic conditions, the harvest levels suggested by ETTS- IV can be
realized. Decline caused by air pollutants is expected to influence future
harvest potentials rather strongly. With decline, total harvest potential
will decrease by 2.4 million cubic meters per year throughout the whole
simulation period. The estimated increase of the forest landbase will add
0.1 million cubic meters per year to the total harvest potential throughout
the 100 years in comparison with the basic scenario.
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Table B.22. Switzerland.
Basic Basic Hand- Forest Forest
lland- Basic Forest book ETTS-IV Study Laud

Variable book ETTS-IV Study Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockG 364-346 364-504 364-330 364-191 364-359 364-401 364-323
Fellingsb

Year 1 18.4 4.8 7.0 23.6 4.8 4.6 7.1
Year 40 6.9 5.7 7.7 6.2 5.7 5.3 7.5
Yeil[ 80 6.7 5.7 7.7 4.6 5.7 5.3 8.2

Coniferous
Growing slockG 409-351 409-572 409-296 409-211 409-460 409-426 409-326
Fellingsb

Year 1 16.9 3.4 5.6 21.5 3.4 3.6 5.7
Yeil[ 40 5.2 4.0 6.2 4.5 4.0 . 4.2 6.0
Yea.r 80 4.8 4.0 6.2 3.4 4.0 4.2 6.4

Deciduous
Growing stockG 260-334 260-348 260-408 260-144 260-125 260-343 260-319
Fellingsb

Year 1 1.5 1.4 1.4 2.1 1.4 1.0 1.4
Year 40 1.7 1.7 1.5 1.7 1.7 1.1 1.5
Year 80 1.9 1.7 1.5 1.2 1.7 1.1 1.8

Summary of results
Potential harvest (mill. m9 o.b./lIrt
Total 7.7 5.7 7.6 7.4 5.7 5.2 7.7

Coniferous 6.0 4.0 6.1 5.8 4.0 4.1 6.1
Deciduous 1.7 1.7 1.5 ],6 1.7 1.1 ],6

Growth (m9 o.b./ha/llrr
Total 7.3 6.9 7.0 5.5 5.5 5,4 5.9

Coniferous 7.8 7.3 7.3 6.1 6.1 5.9 6.5
Deciduous 6.2 6.2 6.2 4.1 4.1 4.3 4.8

Development of growing slack (m9 o.b./lia; IIrO-lIrlOO)
Total 364-346 364-504 364-330 364-191 364-359 364-401 364-323

Coniferous 409-351 409-572 409-296 409-211 409-460 409-426 409-326
Deciduous 260-334 260-348 260-408 260-144 260-125 260-343 260-319

GIn m 3 o.b./ha; yrQ-yrl00.
bIn mill. m 3 o.b./yr.
CAverage Cor the simulations over 100 years.
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Figure B.150. Projections for total potential harvest and growing stock in
Switzerland under the basic scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),4.8 million cubic meters o.b.
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Figure B.15!. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Switzerland under the llasic Forest
Study Scenario. Coniferous fellings in the early 1980s according to ETTS
IV (UN, 1986),3.4 million cubic meters o.b.; deciduous fellings in the early
1980s according to ETTS-IV, 1.4 million cubic meters o.b.
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Figure B.152. Age-class distributions in Switzerland under the Dasic
Forest Study Scenario for year 0, 3~, and 75, respectively.
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Figure D.153. Projections for total potential harvest and growing stock in
Switzerland under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),4.8 million cubic meters o.b.
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Figure B.154. Projections for total potential harvest and growing stock
for coniferous and deciduous species in Switzerland under the Forest Study
Decline Scenario. Coniferous fellings ill the early 1980s according to ETTS
IV (UN, 1986),3.4 million cubic meters o.b.; deciduous fdlings in the early
1980s according to ETTS-IV, 1.4 million cubic meters o.b.
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Figure B.155. Age-class distributions in Switzerland under the Forest
Study Decline Scenario for year 0,35, and 75, respectively.
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Figure B.156. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Switzerland under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986),4.8 million cubic meters o.b.; coniferous fellings in the early
1980s according to ETTS-IV, 3.4 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 1.4 million cubic meters o.b.
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Figure B.157. Age-class distributions in Switzerland under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.



Appendix B

Turkey (Table B.23 and Figures B.l58 to B.l6l)

Basic Scenario

467

The inventory data for Turkey are so primitive and aggregated that it is
impossible to generate a dynamic development of the harvest levels and
growing stock. The Basic Forest Study Scenario approach results in harvest
levels that slightly exceed those of ETTS-IV approach, with about half the
harvest coming from coniferous forests and a quarter each from deciduous
and coppice forests. The growing stocks for the coniferous and deciduous
groups increase steadily to almost 150 and 250 cubic meters per hectare,
respectively, while the mean growing stock of coppice is steady at a low level
of about 18 cubic meters per hectare.

Decline Scenario

The calculation of decline effects are rough due to the model approach em
ployed. It is possible in the decline scenario to maintain the level of growing
stock as identified in the basic scenario, but then the total potential har
vest level has to be reduced by about 2.9 million cubic meters per year in
comparison with the basic scenario. The deciduous species group is most
affected by the decline.

Summary

Decline causes a reduction of the total potential harvest of about 2.9 mil
lion cubic meters per year during the whole simulation period. Deciduous
species have a higher growth rate in comparison with coniferous species. In
general, the total growth rate is very low in Turkey in comparison witll other
countries.
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Table B.23. Turkey.

Basic Basic Hand-
lIand- Basic Forest book

Variable book ETTS-IV Study Decline

Selected data on harvests and growing stock
Total
Growing stockG 58-80
Fellingsb

Year 1 26.8
Year 40 34.8
Year 80 34.8

Forest Forest
ETTS-IV Study Land
Decline Decline Expansion

58-84

23.8
32.4
31.8

104-156

10.2
19.2
18.9

159-259

5.8
5.4
5.1

18-18

7.8
7.8
7.8

24.1
11.0
5.3
7.8

1.8
2.6
4.9
0.8

58-84
104-156
159-259

18-18

1.9
2.8
5.9
0.8

7.8
7.8
7.8

6.8
6.9
6.9

18-18

160-243

12.2
20.1
20.1

104-147

o.b./lia; IJrO-lJrlOO)
58-80

104-147
160-243

18-18

o.b·/lJrr
27.0
12.3
6.9
7.8

Coppice
Growing stockG

Fellingsb

Year 1
Year 40
Year 80

Coniferous
Growing stockG

Fellingsb

Year 1
Year 40
Year 80

Deciduous
Growing stockG

Fellingsb

Year 1
Year 40
Year 80

Summary of results
Potential harvest (mill. m9

Total
Coniferous
Deciduous
Coppice

Growth (m!J o.b./lia/lJrr
Tolal

Coniferous
Deciduous
Coppice

Development of growing stock (m9

Total
Coniferous
Deciduous
Coppice

GIn m3 o.b./ha; yrO-yrl00.
bIn mill. m3 o.b./yr.
C Average for the simulations over 100 years.
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Figure B.158. Projections for total potential harvest and growing stock in
Turkey under the Basic Forest Study Scenario. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),20 million cubic meters o.b.
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Figure B.159. Projections for total potential harvest and growing stock
for coniferous, dedduous, and coppice species in Turkey under the Basic
Forest Study Scenario. Coniferous fellings in the early 1980s according to
ETTS-IV (UN, 1986), 12 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 8 million cubic meters o.b.
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Figure B.160. Projections for total potential harvest and growing stock in
Turkey under the Forest Study Decline Scenario. Fellings in the early 1980s
according to ETTS-IV (UN, 1986),20 million cubic meters o.b.
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Figure B.161. Projections for total potential harvest and growing stock
for coniferous, deciduous, and coppice species in Turkey under the Forest
Study Decline Scenario. Coniferous fdUngs in the early 1980s according to
ErrS-IV (UN, 1986), 12 million cubic meters o.b.; deciduous fe1lings in the
early 1980s according to ErrS-IV I 8 million cubic meters o.b.
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UK (Table B.24 and Figures B.162 to B.169)

Basic Scenarios

473

The structure of forest resources in the UK matches closely what would be
expected from implementation of handbook silviculture, as results from the
Basic Handbook Scenario show. There is no significant harvest pulse in the
first periods. The harvest level rises steadily for about 60 years to a stable
level of approximately 15 million cubic meters per year. Over the entire
simulation, and especially during the first half, the growing stock increases
from 108 cubic meters per hectare to 209 cubic meters per hectare. ETTS-IV
harvest levels cannot be reached during the first 20 years, but can be achieved
later in the simulation. This is because the information provided by the UK
to ETTS-IV already incorporates an increase in the forest landbase, but this
condition is not reflected in our basic analyses, which maintain a fixed forest
landbase. In the Basic ETTS-IV Scenario, the growing stock develops much
the same as in the Basic Handbook Scenario.

The Basic Forest Study Scenario evens out the harvest levels over the
first half of the simulation period, yielding a total harvest higher than in the
case of the Basic ETTS-IV Scenario. In the Basic Forest Study Scenario a
higher proportion of the annual harvest during the first 50 years comes from
final cuts (mainly coniferous) compared with the Basic Handbook Scenario.
Whereas coniferous harvests double during the first 30 years and then sta
bilize, deciduous harvests are stable throughout the entire simulation. The
growing stock develops smoothly in the Basic Forest Study Scenario, from
about 110 cubic meters per hectare to 240 cubic meters per hectare. Over
time, the deciduous age-class structure shifts from one rather evenly dis
tributed over all age classes, although with a shortage in the youngest class,
to one with mostly young age classes. For coniferous species, the initial peak
in the young classes is leveled out over time.

Decline Scenarios

In the Handbook Decline Scenario, we see a strong harvest pulse in the
beginning of the simulation period. Later the potential for total harvest and
the growing stock are much lower throughout the simulation period in the
decline case.

It is not possible to keep the ETTS-IV harvest levels in the decline case.
The total harvest level will be much lower. In addition, there is a strong
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reduction (some 85 cubic meters per hectare) of the growing stock in the
decline scenario.

In the Forest Study Decline Scenario, it is possible to keep the growing
stock level identified in the Basic Forest Study Scenario, but only with a
harvest level that is lowered by about 3.6 million cubic meters per year.

The potential harvest of coniferous species is most affected by the decline.
However, in relative terms, coniferous and deciduous species are affected to
the same extent. The reduction of potential harvests is expressed mostly in
the levels of final fellings.

Forest Land Expansion Scenario

A strong increase of the forest landbase generates strong effects on the poten
tial harvests. The total potential harvest level at the end of the simulation
period is close to 25 million cubic meters per year, in the Forest Land Ex
pansion Scenario. The dominating part of the increased harvests comes from
coniferous species, since 80 percent of the new land is planted with conifer
ous species In the later part of the period, there is also an increase of the
potential deciduous harvests.

The development of the total and coniferous growing stocks is similar
in the basic and expansion scenarios. For deciduous species growing stock
is lower with land expansion, and its development pattern is decreasing or
stable over time.

Summary

It is possible under basic conditions to exceed the potential harvest levels
suggested by ETTS-IV. The decline scenario will strongly influence the mean
potential harvest level. The reduction caused by the decline is about 3.6
million cubic meters per year over 100 years in the Forest Study scenarios.

The strong increase estimated of the forest landbase generates an addi
tional total mean potential of about 4.2 million cubic meters per year during
100 years.
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Table B.24. UK.
Basic Basic Hand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV ~tudy Decline Decline Decline Expansion

Selected data on harvests and growing stock
Total
Growing stockG 108-209 108-229 108-241 108-181 108-143 108-265 108-237
Fellingsb

Year 1 11.2 4.8 8.2 20.2 4.8 4.8 9.8
Year 40 15.0 16.3 14.7 9.5 10.5 11.0 16.6
Year 80 14.9 11.9 14.6 12.7 8.7 10.8 24.0

Coniferou6
Growing IltockG 83-218 83-122 83-237 83-198 83-52 83-268 85-276
Fellingllb

Year 1 5,4 3.8 5.2 9.0 3.8 2.8 6,4
Year 40 12.0 15.2 11.6 7.5 9,4 9.1 12.8
Year 80 11.3 10.8 11.5 10.3 7.6 8.9 19.8

Deciduou6
Growing stockG 159-188 159-466 159-250 159-143 159-345 159-256 162-127
Fellingsb

Year 1 5.8 1.0 3.0 11.2 1.0 2.0 3,4
Year 40 3.0 1.1 3.1 2.0 1.1 1.9 3.8
Year 80 3.6 1.1 3.1 2,4 1.1 1.9 4.2

Summary of results
Potential harve6t (mill. m9 o.b./l/r)"
Total 13.8 12.0 13.3 11.2 9.4 9.7 17.5

Coniferous 10,4 10.9 10.2 8.6 8.3 7.8 13.6
Deciduous 3.4 1.1 3.1 2.6 1.1 1.9 3.9

Growth (m9 o.b.jhall/r)"
Total 8.2 7.5 8.3 6.6 5.2 6.6 7.4

Coniferous 9.0 8.4 9.1 7.5 5.8 7.6 8.2
Deciduoull 6.3 5.1 6.4 4.4 3.9 4.3 5.1

Development of growing 6tock (m9 o.b.jha; I/rO-l/dOO)
Total 108-209 108-229 108-241 108-181 108-143 108-265 108-237

Coniferous 83-218 83-122 83-237 83-198 83-52 83-268 85-276
Deciduous 159-188 159-466 159-250 159-143 159-345 159-256 162-127

GIn rn3 o.b./hai yrO-yrlOO.
bIn mill. m3 o.b.fyr.
e Average Cor the llirnulatiol18 over 100 year•.
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Figure 8.162. Projections for total potential harvest and growing stock in
the UK under the basic scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),4.6 million cubic meters o.b.
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Figure B.163. Projections for total potential harvest and growing stock
for coniferous and deciduous species in the UK under the Basic Forest Study
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 3.6 million cubic meters o.b.; deciduous fellings in the early 1980s
according to ETTS-IV, 1 million cubic meters o.b.
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Figure B.164. Age-class distributions in the UK under the Basic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.l6S. Projections for total potential harvest and growing stock in
the UK under the decline scenarios. Fellings in the early 1980s according to
ETTS-IV (UN, 1986),4.6 million cubic meters o.b.
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Figure B.16o. Projections for total potential harvest and growing stock for
coniferous and deciduous species in the UK under the Forest Study Decline
Scenario. Coniferous fellings in the early 1980s according to ETTS-IV (UN,
1986), 3.6 million cubic meters o.b.; deciduous fcllings in the early 1980s
according to ETTS-IV, 1 million cubic meters o.b.
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Figure B.167. Age-class distributions in the UK under the Forest Study
Decline Scenario for year 0, 35, and 75, respectively.
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Figure B.l6S. Projections for total potential harvest and growing stock
for total, coniferous, and deciduous species in the UK under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986),4.6 million cubic meters o.b.; coniferous fellings in the early
1980s according to ETTS-IV, 3.6 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 1 million cubic meters o.b.
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Figure B.169. Age-class distributions in the UK under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.



484 Future Forest Resources of Western and Eastern Europe

Yugoslavia (Table B.25 and Figures B.170 to B.178)

Basic Scenarios

The Yugoslavian forests are somewhat out of balance with llandbook silvi
culture, as is evident from the modest early harvest pulse under the Basic
Handbook Scenario. The total harvest level stabilizes at about 24 million
cubic meters per year, while the mean growing stock increases steadily to
200 cubic meters per hectare. ETTS-IV harvest levels can be maintained
only through the first half of the simulation. However, the development of
growing stock under the Basic ETTS-IV Scenario is close to that implied by
the Basic Handbook Scenario. The growing stock is brought to a slightly
higher level with the Basic Forest Study Scenario, where it is possible to
keep a harvest level of about 23 million cubic meters per year throughout
the simulation.

A large part of the Yugoslavian forests are inadequately described. These
forests are thus modeled using our "simple approacb," which means that
there is only one basic simulation. In turn this simulation is merged into
all the basic scenarios. All cuttings from these poorly described forests are
registered as thinnings in the simulations. Thus, the proportion of thinnings
in the total harvests is shown to be high. Harvests of both coniferous and
deciduous species are very stable over time in the Basic Forest Study Sce
nario, and growing stocks increase steadily. This is also explained by the
preponderance of poorly described forests for which the simulations are very
"stiff." Turning to the age-class structure development for even-aged stand
areas, the coniferous species display an evolution from a structure of mostly
young age classes to one of mostly older classes. This notably affects harvests
and the mean growing stock, but the effects are damped by the combination
of stands with differentiated age structure. The age-class 'structure for the
deciduous species evolves differently, from a pattern of middle-aged stands
to one that is fairly evenly di'stributed.

Decline Scenarios

In the Handbook Decline Scenario, the harvest pulse of the first period is
accentua\ed. After about 35 years, the potential total harvest level decreases
continuously over time in comparison with the basic scenario. This decrease
continues for about 40 years, and at the end of the simulation period the
potential harvest levels are about the same in the two scenarios. In the
decline scenario, there is no possibility to maintain the level of the growing
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stock identified in the basic scenario. In the ETTS-IV Decline Scenario, it
is not possible to maintain ETTS-IV harvest levels for the first half of the
simulation period. In addition, the mean growing stock is lower than that
in the basic scenario.

In the Forest Study Decline Scenario it is not possible to maintain the
same l§rowing-stock level as identified in the Basic Forest Study Scenario.
Even with lower levels of growing stock, harvests are reduced in comparison
with the basic scenario by about 2.8 million cubic meters per year. The
decrease is evident more in the beginning of the simulation period. The cop
pice species group is most affected by the decline. Coppice shows reduction
of both growing-stock and harvest levels in the decline scenario. Harvest of
deciduous species is mainly affected in the first 40 years of the simulation
period. For this species group, the growing-slock level is also lower at the
end of t\le simulation period in the case of decline. The situation is the same
for coniferous species, for which the difference between growing stocks in the
two scenarios is about 60 cubic meters per hectare.

Forest Land Expansion Scenario

With an increased forest landbase, there is an increase in the harvest poten
tial throughout the simulation period. However, this increase is relatively
low in comparison with the size of the land expansion. This is a result of the
relatively low growth rate in this region. The total growing stock is slightly
lower in the expansion scenario than in the basic scenario.

The strongest effects on harvest levels by land expansion is achieved in
coppice. This strong effect can be explained by the short rotation periods
for coppice forests. The harvest potential of conifers is also increased by the
land expansion, although not as strong as for coppice. The growing stock
of conifers is lower with the increased forest landbase in comparison with
the Basic Forest Study Scenario. Potential harvests of the deciduous species
group is hardly affected by the land expansion, because of a low degree of
new deciduous stands on the forest land expansions.

Summary

The total harvest levels in the handbook and ETTS-IV scenarios are about
the same for both basic and decline conditions. The decline attributed to
air pollutants causes a reduction of the total potential harvest of about
2.8 million cubic meters per year over 100 years in comparison with the
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basic scenario. The rather large expansion of the forest landbase docs not
generate a corresponding strong increase of the total potential harvest level.
The increase is only 0.3 million cubic meters per year during 100 years in
comparison with the basic scenario. This can be explained by the fact that
many of the forests were poorly described.



Appendix n 487

Table B.25. Yugoslavia.

Basic Basic IIand- Forest Forest
Hand- Basic Forest book ETTS-IV Study Land

Variable book ETTS-IV Study Decline Decline Decline Expansion

Sclcctcd data on harvcsts and growing stock
Total
Growing stock

Q
138-200 138-199 138-206 138·-173 138-173 1311-187 138-199

Fellingsb

Year 1 31.2 20.6 22.6 43.0 19.8 18.0 22.8
Year 40 23.8 28.4 23.4 22.4 28.9 20.9 23.8
Year 80 23.5 23.6 23.4 23.8 24.0 21.3 23.8

Coniferous
Growing stock

Q
191-355 191-368 191-376 191-295 191-306 191-317 187-325

Fellingsb

Year 1 4.2 3.8 3.8 5.4 4.2 4.0 3.8
Year 40 4.3 4.0 3.9 5.3 5.1 4.8 4.3
Year 80 4.2 3.9 3.9 4.9 4.7 4.4 4.2

Deciduous
Growing stock

Q
192-260 192-255 192-260 192-230 192-226 192-232 193-259

Fellingsb

Year 1 13.4 10.8 10.8 14.8 9.6 9.0 10.8
Year 40 11.3 13.4 11.3 10.7 13.4 10.8 11.3
Year 80 10.9 10.8 11.3 10.7 10.8 11.6 11.3

Coppice
Growing stock

Q
54-56 54-52 54-61 54-51 54-48 54-73 54-65

Fellingsb

Year 1 13.6 6.0 8.0 22.8 6.0 5.0 8.0
Year 40 8.2 11.0 8.2 6.4 lOA 5.3 8.2
Year 80 8.4 8.9 8.2 8.2 8.5 5.3 8.3

Summary or rcsults
Pote.!"tialliarvest {mill. m9 o.b./lJrl
Total 24.2 24.2 23.2 24.7 24.2 20.4 23.5

Coniferous 4.2 3.9 3.8 5.0 3.9 4.4 4.1
Deciduous 11.4 11.6 11.2 11.3 11.6 10.8 11.2
Coppice 8.6 8.7 8.2 8.4 8.7 5.2 8.2

Growtll {m9 o.b./lia/rJrl
Total 3.6 3.6 3.6 3.4 3.4 3.0 3.4

Coniferous 4.6 4.5 4.5 4.5 4.4 4.4 4.1
Deciduous 3.9 4.0 3.9 3.6 3.6 3.5 3.8
Coppice 2.8 2.8 2.7 2.7 2.6 1.9 2.6

Development of growing stock (m9 o.b.jha; IIrO-IIrlOO)
Total 138-200 138-199 138-206 138-173 138-173 138-187 138-199

Coniferous 191-355 191-368 191-376 191-295 191-306 191-317 187-325
Deciduous 192-260 192-255 192-260 192-230 192-226 192-232 193-259
Coppice 54-56 54-52 54-61 54-51 54-48 5-1-73 5·\-65

QIn m3 o.b.jha; yrO-yrlOO.
bIn mill. m3 o.b.jyr.
C Average for lhe simulalions over 100 years.
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Figure B.170. Projections for total potentialilarvest and growing stock in
Yugoslavia under the basic scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),20 million cubic meters o.b.
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Figure B.171. Projections for total potential harvest and growing stock
for coniferous, deciduous, and coppice species in Yugoslavia under the Basic
Forest Study Scenario. Coniferous fellings in the early 1980s according to
ETTS-IV (UN, 1986),6 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 14 million cubic meters o.b.
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Figure B.172. Age-class distributions in Yugoslavia under the Dasic Forest
Study Scenario for year 0, 35, and 75, respectively.
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Figure B.173. Projections for total potential harvest and growing stock in
Yugoslavia under the decline scenarios. Fellings in the early 1980s according
to ETTS-IV (UN, 1986),20 million cubic meters o.b.
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Figure B.174. Projections for total potential harvest and growing stock
for coniferous, deciduous, and coppice species in Yugoslavia under the Forest
Study Decline Scenario. Coniferous fellings in the early 1980s according to
ETTS-IV (UN, 1986),6 million cubic meters o.b.; deciduous fellings in the
early 1980s according to ETTS-IV, 14 million cubic meters o.b.
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Figure B.175. Age-class distributions in Yugoslavia under the Forest Study
Decline Scenario for year 0, 35, an4 75, respectively.
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Figure B.176. Projections for total potential harvest and growing stock for
total, coniferous, and deciduous species in Yugoslavia under the Forest Land
Expansion Scenario. Total fellings in the early 1980s according to ETTS
IV (UN, 1986),20 million cubic meters o.b.; coniferous fellings in the early
1980s according to ETTS-IV, 6 million cubic meters o.b.; deciduous fellings
in the early 1980s according to ETTS-IV, 14 million cubic meters o.b.
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Figure B.177. Projections for potential harvest and growing stock of
coppice in Yugoslavia under the Forest Land Expansion Scenario.



496 Future Forest Resources of Western and Eastern Europe

CONIFERS
Age class

10 10 10

30 30 30

50 50 50

70 70 70

90 90 90

110 \10 \10

130 130 130
140 140 140

0 25 50% 0 25 50% 0 25 50%

Area: 302 Area: 470 Area: 470

DECIDUOUS
Age class

10 10 10

30 30 30

50 50 50

70 70 70

90 90 90

\10 \10 \10

130 130 130
140 140 140

0 25 50% 0 25 50% 0 25 50%

Area: 1071 Area: 1267 Area: 1267

Figure B.178. Age-class distributions in Yugoslavia under the Forest Land
Expansion Scenario for year 0, 35, and 75, respectively.








