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Foreword

How to balance forestry and biodiversity conservation — a view across Europe

Maintaining and enhancing the biodiversity and resilience of European forests is
key to the sustainable provision of ecosystem services in a rapidly changing
environment. More than ever, to do so requires an informed, fluent, and
effective dialogue between scientists, policy makers, forest landowners, forest
managers, and nature conservationists. The European Network INTEGRATE aims,
on the basis of science and forestry, to provide a forum for such dialogue to
further enhance the protection of forest-related biodiversity in the framework
of sustainable forest management. This is timely and relevant for the ongoing
international forest-related discussions, e.g. the post-2020 Biodiversity Frame-
work of the Convention on Biological Diversity (CBD), and in the European
Union for the EU Green Deal, and the EU Biodiversity and EU Forest Strategies.
This publication, produced within the framework of the European Network
Integrate, has been written by more than 150 researchers and practitioners from
50 institutions and 19 countries. It explores and describes different approaches
and tools for the integration of nature conservation into forest management. In
the first section, the theoretical framing, the past and current context and
framework conditions, and future challenges and solutions for integrated forest
management are broadly discussed in 12 chapters. The second part of the book
highlights 32 selected examples of forest enterprises, forest owners and regional
initiatives from all over Europe. This Tour d’Europe presents an amazing variety
of innovative regional- to local-scale approaches of how to balance biodiversity
conservation with other ecosystem services in sustainable forest management.
The last section of the book presents a toolbox of integrative measures derived
from the examples; local forest owners and managers can use this toolbox to get
an overview of measures that have been successfully applied.

One objective of this book is to be a directory of innovative, adapted, and
applied management options for professionals working in forestry and nature
conservation. Other objectives are to inform interested actors about policies
related to forests and nature conservation, and to inform the interested public
that both timber production as well as nature conservation can be compatible
and need not be treated as mutually exclusive if the forests are appropriately
managed. Establishing forest reserves without human interventions remains
important for nature conservation; however, the book shows that well-targeted
measures in the framework of sustainable forest management can be an
effective and efficient way to enhance the biodiversity value of managed forests.
This is an important contribution to safeguarding biodiversity for coming
generations while at the same time ensuring the global and local provision of



Foreword

other important forest ecosystems services (e.g. carbon sequestration, renewable
wood products, clean ground and drinking water, health and recreation, from
erosion and natural hazards). With the increasingly visible impact of climate
change the need to ensure the adaptation and resilience of our forests to deliver
all these services will continue to increase in importance.

This publication is a valuable document for all experts working in the field of
forestry and nature conservation. We hope that you find the content interesting
and informative, and that the practical solutions described are a source of

inspiration and support.

Michael Reinhard

FOEN, Federal Office for the
Environment, Switzerland,
Head of Forest Division

Marc Palahi
EFIl, European Forest Institute,
Finland, Director
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A view across Europe

As the human population grows, demands for eco-
system services in general, and thus also for forest
goods and services (fig. A2) are increasing (MEA
2005). The growing population needs forests to:
provide clean drinking water, recreational opportu-
nities, protection against natural hazards and soil
erosion, moderate the climate at local level, and
mitigate climate change by storing CO, (Renaud
etal. 2011; Zellweger etal. 2020; Canadell and
Raupach 2008; FAO 2020). Managed and unman-
aged forests provide these services to a different
extent, but some services can only be provided in

Groundwater

Climate

Landscape

the required quality and quantity by targeted man-
agement. The rise in demand for forest goods and
services, but also for agricultural land and resources
on a global scale has exacerbated the current global
biodiversity crisis (Diaz et al. 2019) since forests are
of paramount importance as biodiversity hot-spots
(Zisenis et al. 2010). As not all goods and services
can be provisioned simultaneously from the same
area, decisions about targeted services need to be
made, ideally taking advantage of synergies to
optimise the provision. In a globalised world, how-
ever, taking such decisions in one region almost

Recreation

Biodiversity

Fig. A2. Ecosystem goods and services (adapted from MEA 2005) delivered by forests as the basis of a holistic view on
forest management. The spider-graph indicates the weighting of the individual goods and services in respect to their
importance, financial resources invested, or work power applied in a forest enterprise. This graph will be applied to all
practice examples presented in the third part of this book in the Chapters C1-C32 (lllustrations by Vivanne Dubach).

12



Introduction

always affects forests in other regions. Moreover,
most people do not experience the consequences
of their choices for particular forest products
directly and they also have little knowledge about
the underlying production processes and their con-
sequences for the environment and humankind.
Finally, governance failures and the prevalence of
short-term economic gains increase the already
high pressure on forests. Attempts to remediate
this situation include valuable international efforts
to secure higher production standards by develop-
ing certification schemes (e.g. Auld et al. 2008) and
further agreements between local population,
national governments, and trade organisations
(e.g. REDD+, https://redd.unfccc.int).

One strategy to maximise the effectivity in pro-
viding different products and services is ‘spatial seg-
regation’ (fig. A3). This strategy has been applied,
for example, to mitigate the conflicts between agri-
culture and forestry in central Europe (Suda and
Pukall 2014). Industrial plantations are usually given
as examples of segregation (Bemmann et al. 2008);
however, the concept may also encompass relatively
uniform and highly productive stands of managed
forests that are nonetheless based on natural regen-
eration and allow the appearance of additional spe-
cies (Borchers 2010). The creation of strictly pro-
tected areas for conservation and enhancement of

biodiversity also follows a segregative approach.
However, as the future demand for wood for indus-
trial and fuel purposes is increasing or at least sus-
tained (Sloan and Sayer 2015; Bais et al. 2015), and
the demand for non-timber forest services and
products (including biodiversity conservation) is
also increasing (Sheppard etal. 2020), resolving
resource use conflicts by withdrawing large forest
areas from production of such goods would further
aggravate the pressure on the remaining natural
forests worldwide.

An alternative pathway to the segregation
approach is to deliver multiple ecosystem goods
and services simultaneously on the same forest
area, applying ‘multiple service forestry’ (Wagner
et al. 2013; Gémez-Bagghetun et al. 2010) (fig. A3).
A third possibility is a combination of both con-
cepts, the ‘integrative forest management’ (Kraus
and Krumm 2013; Sotirov and Aerts 2018), which
strives to fulfil multiple objectives at different spa-
tial scales (from the single tree, to the cohort, to
the stand, and up to the landscape levels). In this
approach, forests are dynamically managed with
different time horizons including temporary or
unlimited protection of single trees or entire forest
areas (Box A1 and fig. A3).

What integrative forest management means
and how it can be achieved in practice is the topic

B lfe'e 9% %% . .

E wood production
[ W [ Other forest goods and services such as recreation, protection, non-wood products

[ Biodiversity conservation; R = Reserves

FE: Independent forest enterprise with different priority services
a Full segregation between forest reserves and wood production (e.g. plantation forestry).

b Full segregation between forest reserves and wood production, with forest managementautomatical
and random delivery of additional services (‘wake water’ forest management)

¢ Segregation between forest reserves and wood production, but with targeted promotion of different
forest goods and services, incl. selected biodiversity measures (multi-service forestry).

Fig. A3. Schematic presentation of fully segregative and multi-service forestry (Bollmann and Braunisch 2013,
adapted). According to Kraus and Krumm (2013) integrative forest management can be seen as dual concept of
segregative and multipurpose management elements.

13



How to balance forestry and biodiversity conservation — A view across Europe

14

Box A 1. Definition of integrated forest management.

Integrated forest management

According to Kraus and Krumm (2013), integrated forest management is an approach which
aims at the sustainable delivery of multiple forest goods and services from the same area but
at different spatial scales (from the single tree (fig. A4), to the cohort, to the stand, and up to
the landscape levels). The measures have different time horizons including temporary or unlim-
ited protection of single trees or entire forest areas. Hence, it can be seen as a dual strategy
including both, integrative and segregative management approaches (Bollmann and Braunisch
2013) aiming at preservation of forest biota in forest landscapes representative of the different
development stages of a forest (Kraus and Krumm 2013).

Integration of different ecosystem goods and services depends on the spatial scale. The main
focus in this book will be on the management unit — in this book mainly the forest enterprise
level — where forest planning gets traction and leaves impact on the ground. Additional aspects
of higher and lower levels, which are important for the enterprise level, are elaborated and
discussed.

Integrative forest management aims to maximise the synergies between the main goals of
forestry: production, protection, and conservation. Referring to the definition of the Millen-
nium Ecosystem Assessment (MEA 2005), we distinguish between production of timber and
non-timber forest products, protection against natural hazards and climate disturbances, pro-
tection of soil as well as groundwater and drinking water, and conservation of landscape aes-
thetics and recreation. Although biodiversity can be seen as a fundamental concept and base
for all ecosystem services (MEA 2005), it is added and treated in this book as an additional
ecosystem service (fig. A2).



Introduction

of this book. It focuses on European forests, which
are mostly part of old cultural landscapes with leg-
acy effects of a long history of human use and cul-
tivation for several thousands of years. Moreover,
European forests are part of landscapes character-
ised by high (although variable) densities of popu-
lation and infrastructure, limited space, and high
fragmentation. As a result of past management,
primary forests have almost completely disap-
peared and near-natural ecosystems have become
rare in several parts of Europe (Sabatini et al. 2018;
Sabatini et al. 2020). Protected areas (e.g. national
parks and other forest ecosystems with high con-
servation value) are often of relatively small size
(less than 250 km?). As a consequence, processes of
natural forest dynamics are limited and some habi-
tats present in primary forests should be main-
tained also in managed forests by integrated forest
management (Butler et al. 2013; Lachat et al. 2013;
Ranius and Jonsson 2007; Gossner et al. 2013).
With the shift in focus of forest management
from mainly timber to a wide array of forest goods
and services, integrative approaches have under-
gone important changes. Fifty years ago, the
so-called ‘'wake-water theory’ (‘Kielwasser-Theorie’)
(Rupf 1960) (fig. A3) postulated, mainly in the Ger-
man speaking countries, that managing for timber
would automatically ensure delivery of all other
forest goods and services, in particular since man-
agement often integrated natural processes and
conservation aspects in ‘close-to-nature silviculture’
(Schiitz 1999; Brang et al. 2014). While this approach
seems suitable for the integration of some ecosys-
tem services, e.g. the protection against natural
hazards (Brang et al. 2006), it sometimes fails in
conserving important facets of biodiversity, such as
deadwood (fig. A5), old habitat trees (fig. A4), or
rare non-profitable tree species (Bauhus et al. 2013).
The close-to-nature silviculture concept is very gen-
eral and is often loosely defined. Hence, the quality
of its implementation strongly depends on attitudes
and education of local forest managers. Conse-
quently, a broad variety of interpretations has led
to manifold applications considering specific eco-
logical and socio-economic properties. Schall et al.
(2020) nicely show that the diversity of manage-
ment approaches on small scales might promote
biodiversity conservation in beech forest landscapes.
Nevertheless, in some European regions,
because of the widely implemented close-to-nature
silviculture, forests can still be seen, relative to the

often negative developments in agriculture, as
near-natural habitats with a relatively rich commu-
nity of forest species. In other regions of Europe,
however, industrial plantation forestry, partly on
former agricultural land, has resulted in monospe-
cific and even-aged forests with poor biodiversity.
Especially in Europe and North America, the public
attitude towards forestry has drastically changed
since the 1980s as a consequence of a growing
understanding about the importance of forest bio-
diversity, and also an increasing urbanisation of
society (Puettmann et al. 2009). Forests and forest
biodiversity have been specifically acknowledged
by the UN Convention on Biological Diversity (CBD),
particularly at the CBD’s tenth Conference of Par-
ties (COP 10) with the adoption of the Aichi Biodi-
versity Targets (CBD 2010). Hence, there is growing
political agreement not only about the need to
contain the loss of biodiversity in forests but also
about the need to actively increase and promote
forest biodiversity.

While species richness and diversity have gained
in importance, it is increasingly acknowledged that
biodiversity goals cannot be stable over time and
vary from place to place. They are influenced by the
history of a particular forest, by its site conditions,
and by the societal values with respect to different
facets of forest biodiversity. At time-scales of dec-
ades to hundreds of years, forest biodiversity must
be viewed as a shifting target driven by changes in
societal values.

On top of this, climate change is expected to
result in significant altitudinal and latitudinal shifts
of vegetation zones (e.g. Hanewinkel etal. 2013;
Zimmermann et al. 2016; Frehner et al 2018), entail-
ing range shifts of associated species which might
disappear in certain areas and invade new eco-
tones. The frequency and severity of extreme cli-
matic events, like the hot and dry spells 2003, 2015,
2018, 2019, and 2020 in central Europe, and related
disturbances (e.g. bark beetles) will shape these
range shifts and thus future forest condition
(Schuldt et al. 2020), and are likely to lead to tem-
porary or permanent loss of specific forest habitats.
With a view to biodiversity conservation, these
dynamics and the associated large uncertainties
may be buffered best by fostering diversity to cre-
ate resilient forest ecosystems. Integrated forest
management is fully compatible with this strategy.

Hence, locating the conflict between forest
management and nature conservation has become

15



Fig. A4. Methuselah oak tree in the midst of a Scots pine plantation, near Eberswalde, Germany. Preserving single
trees rich in micro-habitats is one effective measure to improve biodiversity (Photo: Andreas Rigling).

more challenging with the increasing number of
demands placed on forest management and the
growing uncertainties caused by climate change.
Although conflicts of interest between wood pro-
duction and biodiversity conservation may still con-
stitute a main conflict, additional potential contra-
dictions between biodiversity conservation and
other ecosystem services have emerged (Fabian et al.
2019). Climate change may mean that the nature of
the conflict may shift towards a competition
between adaptation strategies (e.g. Winkel 2013).
This book has a special focus on forest manage-
ment approaches that aim to improve the integra-
tion of biodiversity conservation while simultane-
ously promoting different forest ecosystem goods
and services in a changing environment. The result-
ing conflicts and synergies will highly depend on
the context of the ultimate decision-maker, the for-
est enterprise. Questions about What type of biodi-
versity is aspired to? and Which forest management
traditions and what types of forest owner struc-
tures can be built upon? will affect the nature of
the conflicts, but also potential synergies. Compre-
hensive identification of these frame conditions is

16

crucial for developing optimised solutions tailored
to the specific setting of a forest enterprise.

The conceptual foundations and
boundary conditions of integrated
forest management

The second part of this book (Chapters B1-B12)
provides the conceptual foundations for the various
dimensions and frame conditions of integrated for-
est management. This theoretical framing describes
the contexts and prevailing trade-offs of the exam-
ples from practice that have been assembled in the
third part of the book (Chapters C1-C32) as well as
the solutions suggested. To begin with, a unifying
theoretical framework for integrative forest man-
agement at the landscape level is introduced (Chap-
ter B1; Bollmann et al.). Deciding about how to best
integrate biodiversity conservation into the provi-
sion of other forest goods and services requires
knowledge about how, where, and to what degree
forest management practices can be adapted to
contribute to biodiversity objectives without impair-
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Fig. A5. Deadwood is another important component of biodiversity conservation in forests. Consistent availability in
sufficient quantity and different qualities (tree species, dimension, decay stage) is vitally important (Photo: Andreas

Rigling).

ing the provision of competing ecosystem services,
or perhaps even exploiting potential synergies. To
this end, the main approaches and instruments of
forest biodiversity conservation are reviewed and
their potential and limitation to conserve and
restore native biodiversity are discussed.

To understand the current situation in European
forests, it is important to realise how forest manage-
ment and biodiversity have developed historically,
bridging forest history with cultural heritage (Chap-
ter B2; BUrgi et al.). Based on six case studies the
potential of local forests for an integrated provision
of ecosystem services is discussed in a broader Euro-
pean context. Two specific challenges are postulated
for the future: (1) on the one hand, in order to pre-
serve the biological and cultural heritage of our
European forests, it is vital to understand its value;
and (2) on the other hand, historical management
practices are often useful as an inspiration for future
integratived forest management systems. Address-
ing these two challenges will contribute to better
adapt forest management to future challenges and
changing demands in forest goods and services,
including biodiversity conservation.

This leads to further important framework con-
ditions of Europe that are characteristic of its heter-
ogeneous landscape: the highly diverse policy and
legal framework relevant for the integration of
production and conservation in European forests
(Chapter B 3; Sotirov et al.). Rules and implementa-
tion structures for biodiversity conservation
through integrative forest management had
evolved within very different national and even
regional contexts. While the nature conservation
directives of the EU have improved the coordina-
tion between forest and nature conservation poli-
cies at the national level, the local implementation
of these directives has also benefitted from a fur-
ther development of the rules to promote forest
biodiversity. Which forest biodiversity rules are
introduced and how they are being implemented,
however, is contingent on the forest ownership
structure, the socio-economic and policy priorities
of the forest sector, but also to some extent on how
competences are distributed across levels of gov-
ernment. Although improving the integration of
biodiversity conservation into forest management
can receive impulses and framing from national or
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Rigling).

continental levels, it nonetheless requires regional

rooting.

Ownership structures are significant for forest
management (fig. A6). Biodiversity promotion

Fig. A7. Promoting the bioeconomy includes the

intensified use of the renewable, but limited wood
resource produced by integrated and sustainable forest
management (Photo: Andreas Rigling).

18

Fig. A6. Small, structured forest landscape influenced by topography and ownership structures (Photo: Andreas

—
VRS Y,

measures are compared across four countries (Swe-
den, Austria, Germany, and Switzerland) (Chapter
C4; Wilkes-Allemann and Lieberherr). While some
private or public forest owners hold more than
1000 ha, or sometimes even 100000 ha, of forest
land, millions of private persons own areas smaller
than one hectare. On the one hand, this large
diversity in ownership complicates forest legisla-
tion and its implementation (Chapter A3; Sotirov
etal); on the other hand, it has triggered the
development of a great variety of forest manage-
ment types that have contributed to the diverse
European forest landscape (Chapter C2; Burgi
etal). The main drivers of changing ownership
structures are privatisation and restitution (e.g.
Germany and Sweden) and changing lifestyles of
forest owners (e.g. Austria, Germany, Sweden, and
Switzerland). Because of urbanisation, small inher-
ited forest patches are financially irrelevant (or
even a burden) for many forest owners and often
their interest and know-how in traditional timber
production is fading away. While these changes
imply a need for revisions to forest management
approaches and policy instruments supporting for-
est owners in managing their forests, it can also be
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seen as an opportunity for innovation creating a
diverse pool of interests, ideas, and management
preferences promoting a diversity of approaches.

In the transition from a fossil-based to a bio-
based economy, the forest and wood sectors play a
crucial role (fig. A7), given their substantial climate
mitigation potential through carbon sequestration
and substitution of fossil energy intensive materi-
als. The objective must be to use the renewable,
but limited wood resource efficiently and sustaina-
bly. Part of the solution can be to integrate the
concepts of circular economy and cascading
resource use into the bioeconomy concept (Chapter
B5; Weber-Blaschke and Muys), respecting the eco-
logical, economic, and social impacts of wood and
other ecosystem services over the full life cycle.
Hence, the development of a sustainable wood-
based bioeconomy will have considerable impacts
on forest management because of the increased
demand for wood supply, and in turn this will have
implications for all ecosystem services including
biodiversity. The promotion of particular elements
(e.g. deadwood, fig. A5) and the shift to more
broadleaved forests has had a dramatic impact on
the wood-processing industries as they are widely
set up for the processing of coniferous wood. These
industries will have to adapt to a different variety
of wood assortments.

As long as human activities and infrastructure
used by residents and tourists are still increasing,
the demand for protection from natural hazards by
current protection forests will also increase (fig.
AB8). In Switzerland, for example, at least 50 % of
the forest area are designated as protection forest
(BAFU 2013), which is considered to be the most
cost-effective insurance against natural hazards.
Maintaining the protective effect of the forest by
fostering the capacity of these ecosystems to absorb
disturbances and increase its resilience is a particu-
lar challenge given the changing climate. Maintain-
ing the resilience of such ecosystems requires pro-
motion of a diversity of structures and species; this
can be seen as a kind of natural insurance, and thus
as generating additional economic value (Chapter
B6; Antkowiak et al.). Even protection forests that
are privately owned provide public goods, as the
local residents and tourists are the largest group of
beneficiaries. Although a more proactive manage-
ment for forest resilience can be profitable in some
areas, structural misalignments between owner-
ship, decision-making, and actual consumption of

Fig. A8. In mountain areas forests protect people and
infrastructure from natural hazards. Maintaining the
resilience of such forests suggests promoting a diversity
of structures and species; this has an indirect economic
value. If these forests cannot anymore provide sufficient
protection, costly technical constructions must be
installed (Photo: Ulrich Wasem).

ecosystem services lead to a low willingness to pay
for natural insurance services. Hence, integrated
forest management might help to promote diverse
and resilient forests serving all targeted goods and
services.

The relation between forestry and hunting has
become very direct with mutual impact in the past
decades. Past hunting practices have strongly influ-
enced the distribution and abundance of predators
such as lynx (Lynx lynx) or wolves (Canis lupus), but
also of ungulates such as roe deer (Capreolus capre-
olus) (fig. A9), red deer (Cervus elaphus), and
moose (Alces alces) in European forests. These
changes in species composition, abundance, and
trophic relationships have influenced forest
dynamic processes in the last centuries, and there-
fore also forest biodiversity (Gill 1992a and 1992b).
Conversely, forest management may have a funda-
mental impact on forest flora and fauna, including
ungulate populations, although these are, of
course, strongly influenced by hunting activities.
These interactions can result in conflicting interests
that are particularly difficult to reconcile as the
causes can be manifold, and there may be economic
dependencies for both hunting and forestry, and
sometimes deep-rooted beliefs and long-standing
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Fig. A9. Integrated wildlife management should involve all stakeholder groups across the sectors and should not stop
at the edge of the forest areas (Photo: Ulrich Wasem).

traditions prevent compromise. Hunters exert
stronginfluence onforestmanagementapproaches,
which is often addressed in hunting regimes. Now-
adays, nature conservation comes into play as a
third interest group since forest biodiversity is
influenced by both forest management and hunt-
ing (see also Chapter B10; Holtermann). Hence
integrated wildlife management, respecting and
involving all stakeholder groups, is urgently needed
to reduce conflicting management goals and to
promote the various forest goods and services for
the future (Chapter B7; Ehrhardt et al.), including
biodiversity promotion.

There are many reasons why biodiversity is
important, and for many people this is simply a
question of ethics. From a natural science perspec-
tive, adaptive capacity for environmental changes
depends on diversity. As human influences - i.e.
introduced species, land-use changes, or climatic
changes — induce manifold structural changes in
forests, it is crucial to maintain or increase the
capacity of forests to adapt to changes in order to
keep them and neighbouring production systems
vital and productive. The pool for adaptation
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depends on diversity, which is probably the most
important argument for the maintenance and fos-
tering of biodiversity. However, which type of bio-
diversity should be aspired to and what might be
the appropriate nature conservation measures are
still debated between nature conservationists and
foresters. Disagreement remains with respect to
the reference point for biodiversity: Is it the maxi-
mum degree of biodiversity reached under histori-
cal management regimes, or is it the amount of
biodiversity provided by the primary forests of the
past? Which past — 100, 1800, or 5000 years ago? In
Chapter B8, (Gossner and Wohlgemuth), two tra-
jectories of nature conservation are discussed: (1)
To protect a multitude of species by research-based
evidence on optimum habitat requirements — for
this purpose, the number of species, the number of
ecosystem services, and even productivity at a
larger spatial scale considering trade-offs in multi-
purpose forest management must be optimised; or
(2) Natural processes can be well protected in
unmanaged areas, and in particular in large unman-
aged areas, where many disturbances can take
place stochastically and create diverse habitats —



Fig. A10. Large-scale calamities by the spruce bark beetle are a natural process which creates habitat for specialised
species and deserves protection. It can be starting point and accelerator to increase biodiversity (e.g. Bavarian Forest

National Park) (Photo: Ulrich Wasem).

this approach does not address the controlling eco-
system states, but may, in contrast, provide refer-
ence for mimicking natural dynamics in managed
ecosystems and serve as a source as well as a refuge
for populations of highly demanding species.

In the past one to two centuries, European for-
estry has invested much in overcoming large-scale
deforestation and forest degradation. Today the
main challenges are the economic difficulties of
forest owners, the restoration of lost biodiversity,
and the maintenance of multiple forest goods and
services under uncertain impacts of climate change.
As our traditional forest management is increas-
ingly challenged by unprecedented and more fre-
guent abiotic and biotic extreme events (fig. A10,
11) alternative concepts are needed. In this respect,
the resilience concept can be seen as a possibility to
support forest management to better cope with
these challenges (Chapter B9; Lindner et al.). One
important aspect would be an indicator-based resil-
ience assessment for monitoring changes of forest
vulnerability and resilience as a basis for develop-
ing risk management strategies. This would be a
crucial instrument to safeguard future forest goods

Fig. A11. Spruce bark beetle infestations are often
managed by large-scale salvage harvesting with direct
impacts on the wood markets, and also biodiversity.
Disturbances can have dramatic economic consequences
for forest owners, but they also create opportunities to
adapt and steer forest composition to increase resilience
to a changing climate. Photo taken in Austria, near Retz
in 2019 (Photo: Andreas Rigling).
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How to balance forestry and biodiversity conservation —

A view across Europe

and services, including the conservation of biodi-
versity, in times of changing societal demands and
climate change.

Besides the various boundary conditions for
integrating biodiversity conservation into forest
management, the second part of the book also pro-
vides visions for integrative forest management
developed from the perspective of nature conser-
vation administrations at the national level for Ger-
many (German Federal Agency for Nature Conser-
vation (BfN), Chapter B10; Holtermann) and
Switzerland (Federal Office for the Environment,
FOEN, Chapter B11; de Sassi et al.). BfN and FOEN
agree on several key points in their long-term
visions: the main challenge for the future is identi-
fied as preserving and developing resilient forests
and forest landscapes to ensure the continued pro-
vision of different production, protection, and con-
servation ecosystem services (MEA 2005) under the
conditions of climate change. Structurally rich for-
ests composed of multiple species are more resil-
ient in the face of climate change and deliver mul-

tiple ecosystem services that are important for
humans. Hence, future forests should: (1) be rich in
species composition and genetic diversity, (2)
regenerate naturally, and (3) provide suitable habi-
tat for a regionally representative forest fauna and
flora. To support this vision a combination of inte-
grative and segregative measures are needed to
maintain biodiversity in forests, and to enhance it
where deficits are identified. For effective guidance
in policy and management, forest monitoring
should include associated quantitative and qualita-
tive indicators on biodiversity; these should also
address the dynamics of biodiversity targets
because of the growing impact of climate change.
This will complement more production-oriented
parameters in current forest monitoring and result
in a holistic assessment of forest condition.

The German Federal Ministry for Food and
Agriculture (BMEL), the ministry responsible for the
German forests, underlines the necessity of further
enhancing forest biodiversity but also puts empha-
sis on harvesting timber as a renewable and sus-

Fig. A12. According to nature conservationists, future forests should be near natural with respect to species com-
position and genetic diversity, and they should regenerate naturally and provide suitable habitat for the full
spectrum of forest fauna and flora (Photo: Andreas Rigling).

22



Introduction

tainable resource as a key task for future forest
management (Box B 1). One important measure is
practice-oriented and science-based knowledge
sharing under the European Network Integrate
(https://integratenetwork.org), as an active contri-
bution to implementing the Forest Strategy of the
European Union by further enhancing nature pro-
tection within sustainable forest management.

The effects of forest management on biodiver-
sity are increasingly well studied but less is known
about the motivations and possibilities of foresters
and forest owners to use integrated management
in their forests (Chapter B 12; Derks et al.). In the
frame of the project InForMar (https://integrate-
network.org), 42 forest managers and national
experts in conservation and forest management
from nine European countries were interviewed
using in-depth interview guidelines and standard-
ised questionnaires. Measures to increase forest
resilience can be similar to nature conservation
actions since they often focus on promoting diver-
sity. Hence, in many cases integrated forest man-
agement is able to bridge biodiversity conservation
and other forest goods and services in a changing
climate when considering regional and local con-
texts.

Integrated forest management at the
enterprise level - success stories

The main motivation for this book is to demon-
strate that, beside forest planning at a superordi-
nate level, integrated forest management
approaches applied at the enterprise level can suc-
cessfully contribute to balancing the trade-offs
between forest utilisation and conservation while
considering highly varying local contexts. Inte-
grated forest management needs to be developed
at the enterprise level where adequate and prag-
matic solutions beneficial for nature conservation
and other important forest goods and services can
be identified and implemented. The third part of
this book showcases 32 practice examples of forest
enterprises, forest owners, and regional initiatives,
which were successful in developing locally adapted
management concepts (Chapters C1-C32). These
examples will take the reader on a Tour d’Europe
from Spain to Norway and from Ireland to Slovakia.
The examples cover very different management
foci and ownership. The 32 cases show how forest

managers integrate diverse goods and services in
innovative ways. Further, views beyond Europe and
to specific aspects are presented in 20 short box
contributions that highlight approaches, attitudes,
and measures towards integrating different ecosys-
tem services into forest management. The cases
illustrate the breadth and the diversity of the topic.
Discussions about the issues covered by the book
are similar to discussions taking place in other
regions of the world, and therefore we can learn
from experiences elsewhere (Boxes C8, C11, C12,
C14, C19). Drawing from these case studies and
box contributions, a toolbox of integrative meas-
ures is developed that is intended to support forest
owners and managers to choose appropriate meas-
ures for targeted integrated management in their
areas. This toolbox is presented in the synthesis
chapter. The toolbox is evaluated and missing links
and possible actions for future integrative forest
management are discussed.
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The maintenance and conservation of forest biodiversity has become a pivotal task of ecologically sus-
tainable forest management. It depends on the appropriate management of forest composition and
structure and the clever application of different, complementary instruments with respect to biodiversity
and ecosystem functions. Most commonly, segregative approaches such as setting aside old-growth ref-
uges, rare forest types, and biodiversity hotspots as protected areas are the preferred conservation
instruments due to the high local impact and effectiveness. However, considering the high proportion of
multi-functional forests in Europe, the conservation and restoration of forest biodiversity in managed
forests make a crucial contribution to the persistence of viable populations of forest-dwelling species
since the large majority of the forest area will continue to be managed for various ecosystem functions
and services. Some of these services, like timber production, CO,-sequestration, and recreation, can con-
flict with forest biodiversity conservation. Therefore, the integration of structural attributes such as old-
growth stand relicts, patches of open and light forest, ecotones, disturbance gaps, habitat trees, and
standing and downed deadwood into managed forests is essential for an ecological, multi-functional
forest management. In this chapter, we review the main approaches and instruments of forest biodiver-
sity conservation, discuss their potential and limitation, and analyse to what extent an integrative
approach supports the conservation and restoration of native biota in multi-functional forest landscapes.
This chapter presents a unifying conceptual framework for the application of a broad set of conservation
instruments in an integrated forest management.

Introduction

The provisioning of multiple ecosystem functions
and services such as timber production, protection
against natural hazards, biodiversity conservation,
water purification, CO, sequestration and recrea-
area - Attention! Danger from deadwood and dry tion is the cen'FraI objective of moqern sustainable
branches”. A variety of signposts indicate the trade-off forestry (Chapin etal. 2009; Messier etal. 2014).

when provisioning different forest goods and services Although the global community agrees on these
in a Central European forest (Photo: Andreas Rigling). general services (Isbell etal. 2017; IPBES 2019),

Fig. B1.1. “Nature forest reserve — nature conservation
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multifunctional management involves trade-offs
and there is a debate about the strength of each
function and the appropriate methods for the pro-
vision of these services (Byrnes et al. 2014; van der
Plas et al. 2017). Not least, timber production and
biodiversity conservation shows some inevitable
incompatibilities (Paillet et al. 2010; Bouget et al.
2012; Newbold et al. 2015; Nagel et al. 2017), for
instance with regard to tree species composition,
amounts of old-growth forests and natural dead-
wood, and structural stand heterogeneity related
to natural disturbances. After a long period of
deforestation in the Middle Ages in Western, Cen-
tral and Eastern Europe (Bradshaw 2004; Bradshaw
and Hannon, 2004; Pausas et al. 2008), forests were
heavily exploited in the pre-industrial and early
industrial periods (Kaplan et al. 2009) as a resource
for timber, wood, fuel, charcoal, litter, fruits, seeds,
fodder, and game, largely shaping the structure and
composition of today's forest landscapes (Peterken
1996). As a consequence, pristine forests have
become very rare and only 0.4-0.7% of Europe’s
forest area is left to develop naturally (Parviainen
2005; Buicking 2007; Sabatini et al. 2018). By the end
of the seventeenth century, the pressure on forest
resources resulted in an increasing shortage of tim-
ber and a strong need for restoration of the protec-
tive function of forest to stop the progressive ero-
sion of the soil, in particular in mountain regions.
Therefore, governmental organisations restricted
the exploitation of forest resources in Central
Europe by new legislations and built up a state-reg-
ulated forestry in the eighteenth century. These
new systems aimed for re-stocking the former for-
est area and to build-up sustainable timber
resources. The frequently devastated and degraded
forest landscapes resembled often open, park-like
stands with few old relict trees (Kirby and Watkins
2015). Litter raking and other intensive biomass
extraction additionally caused nutrient export from
most forest soils.

The forest history in the boreal parts of Europe
is slightly different. Here the large-scale use of for-
ests commenced in the early nineteenth century as
the forest resources in central Europe diminished
and attention was turned to the large tracts of
unexploited forests in the north. A timber frontier
moved from southwestern Fennoscandia towards
northeast and by the early decades of the twenti-
eth century resulted in a significant reduction in
standing timber volumes and stands with low
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growth rate (Kuuluvainen etal. 2012; Lundmark
etal. 2013). Subsequently, forestry has been con-
ducted in Fennoscandia, and since the last decades
also in the Baltic, through more intensive clear-cut-
ting forestry including harvesting, ditching, soil
scarification, and commonly regeneration with
trees from plant breeding programmes. Although
highly successful in restoring timber volume and
high growth rates, the resulting forests have lost
significant aspects of the natural conditions pres-
ent in the early nineteenth century (Kuuluvainen
2009).

In order to avert a shortage of wood in central
Europe, from the middle of the nineteenth century
onwards, the deforested areas were often
re-stocked with Norway spruce or Scots pine in the
frame of government programmes. These
fast-growing tree species are better able to cope
with the ecological conditions on clearcut areas
than beech or fir, and rapidly restored overhar-
vested areas. Accordingly, management concepts
with a focus on productive and vital stands with
regular high yields became widespread in Central
Europe (Otto 1993). Depending on landscape prop-
erties and forest history, this has favoured two
main forestry systems: (1) the clear-cutting or group
shelterwood systems resulting in even-aged and
mostly single-species stands which are widespread
in large parts of Central-eastern and Northern
Europe, and (2) irregular shelterwood and single
tree/group selection systems (e.g. “Femelschlag”
and “Plenterwald/Jardinage”) resulting in une-
ven-aged or irregular, multi-species stands, typically
found in mountainous regions in Switzerland,
France, Germany, and Slovenia (Heyder 1986;
Schitz 1993; Bauhus and Pyttel 2015). The latter
group is often associated with close-to-nature for-
estry or continuous cover forest (“Dauerwald”)
management as the prevailing silvicultural philoso-
phy.

Even though the two systems differ greatly in
biological, ecological, and technical principles,
both are directed to optimise regular timber yields
of desired species in targeted dimensions (Jacobsen
2001). These diameters correspond to production
cycles of about 80-140 years (oaks to 160-180 years)
that deviate in many structural and compositional
characteristics from natural forests as complex,
multi-scaled hierarchical ecosystems with a succes-
sion cycle of several hundreds of years in temperate
and boreal regions (Franklin et al. 2002; Puettmann
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et al. 2009; Angelstam and Kuuluvainen 2004; Lilja
etal. 2006). Uneven-aged as well as even-aged
management with regular harvesting interventions
impedes the development of characteristic struc-
tures of mature natural forests (Franklin et al. 1981;
Kuuluvainen 2002b) and excludes the species-rich,
old-growth communities (Siitonen 2001; Honnay
etal. 2004; Winter and Moller 2008; Palo etal.
2013). In addition, the early seral, pre-forest phase
of succession is under-represented (Hilmers et al.
2018) because pre-regeneration and planting accel-
erate stand development and hamper the estab-
lishment of species-rich pioneer plant and animal
communities (Swanson 2011; Winter et al. 2015).
However, from the forest management perspec-
tive, concerns have also been raised about the
future of monocultures because of their suscepti-
bility to insect calamities, and about the sensitivity
to natural disturbances of even-aged stands (Jactel
et al. 2009; Seidl et al. 2011). Examples include the
large storm events in the early and late 1990s in
Central Europe and in 2005 in Scandinavia and the
strong bark beetle outbreaks in both regions in
recent years. Moreover, even-aged forests with lit-
tle between-stand variability are expected to con-
tribute less to multi-functionality than heterogene-
ous forests because their species communities are
less diverse and show higher functional similarity
(Bluthgen et al. 2016; van der Plas et al. 2017; Cra-
ven etal. 2018). However, recent work (Redon
etal. 2014; Schall etal. 2017) has shown that
gamma diversity of forest-dwelling species can be
higher in landscapes comprised of combinations of
even-aged stands at different development stages.

These findings in combination with a better
understanding of the effects of forest management
on biodiversity (Lindenmayer et al. 2006; Paillet
et al. 2010; Newbold et al. 2015; Kaufmann et al.
2018) and ecosystem functions (Gamfeldt etal.
2013; van der Plas et al. 2016; Ratcliffe et al. 2017)
caused a momentum for new, biodiversity-friendly
and sustainable forest management practices in
the last 10 to 20 years (Felton et al. 2010; Bollmann
and Braunisch 2013; Fedrowitz etal. 2014;
MacDicken et al. 2015). The new practices integrate
the requests and needs of various stakeholders
while at the same time considering the diversity
and heterogeneity of mature stands with their
structures, functions, and species. However, current
policies for more ‘bioeconomy’ in the European
Union (Winkel 2017) support an intensified use of

renewable resources such as wood and wood resi-
dues from forests. This development can signifi-
cantly impede the recent progress for more biodi-
versity-friendly, sustainable forestry systems if no
accompanying measures are taken for the preser-
vation of biodiversity as basis for forest goods and
services (Bauhus et al. 2017).

Most initiatives for biodiversity-friendly forest
management systems are based on the concept of
graded forest-use intensities across the landscape
(Bollmann and Braunisch 2013), or the concepts of
land sharing and land sparing and their effective-
ness for different forest functions (Edwards et al.
2014; Kremen 2015; Balmford et al. 2019). In gen-
eral, there are three forest management approaches
that combine these concepts in different ways and
strive to supply the demand for timber and other
forest products while minimising the negative
impacts on forest biodiversity (Table B 1.1). The first
and integrative approach supports the concept of
multifunctional forest management by aiming at
satisfying the environmental, social, and economic
functions on the same forest land, often implying
moderate timber yields (Lindenmayer et al. 2012).
In the second and segregative approach, one part
of the landscape is dedicated to high yield timber
production, the other is free of harvesting and
completely dedicated to conservation (Paquette
and Messier 2010). The third approach, called
TRIAD, divides the forest into three separate zones
of complementary functions, namely intensive tim-
ber production (high yield), multiple use forestry
(moderate yield), and biodiversity conservation (no
yield) (Seymour and Hunter 1999). All three
approaches have advantages and disadvantages
and the usefulness and applicability of one or the
other approach depends on the natural and cul-
tural legacy of a forest landscape and national pol-
icy rules (Table B1.1). While the TRIAD system has
gained popularity in some areas of North America
(Coté etal. 2010; Tittler et al. 2012), segregative
approaches can be found in regions with subsist-
ence agriculture, plantation or clearcut forestry
(Scharlemann etal. 2010; Hansen etal. 2013;
Keenan et al. 2015; Morales-Hidalgo et al. 2015).
The integrative approach is traditionally consid-
ered in various selection harvest systems in old cul-
tural, multifunctional landscapes with high owner-
ship densities (Bauhus etal. 2013), such as
Mediterranean, temperate, and montane Europe.
In Central Europe, integrative approaches are cur-
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rently largely directed towards retention of habitat
trees and deadwood (Gustafsson et al. 2020a). Such
measures are also essential in boreal north Europe
as are leaving buffer zones along watercourses and
around wetlands, and retention of forest patches
(Gustafsson et al. 2020b), partly through the intro-
duction of forest certification (Gustafsson et al.
2020a). In Europe, the share of forest area available
for wood supply amounts to 79 % (Forest Europe
2015), 52 % is primarily designated for production
(Kohl et al. 2015), and 9 % are classified as planta-
tions. Europe’s long history of deforestation and
area-wide cultivation with multi-purpose forest sys-
tems such as wood pastures and coppice silviculture

(Kirby and Watkins 2015), and the consequent
shortage of pristine forests (Sabatini et al. 2018) as
well as recent periods of intensive forest use with
changing preferences for certain tree species (i.e.
oak, spruce) may be the main reasons for the popu-
larity of the integrative approach.

Forest biodiversity conservation: current
practices and future requirements

Preserving habitats from human influence by sepa-
rating natural forests and biodiversity hotspots
from detrimental processes is the traditional conser-

Table B 1.1. Comparison of different management systems and their strengths, weaknesses, and appropriateness for

forest biodiversity conservation.

Integrative management system

Segregative management
system

TRIAD-system

Strengths An area-wide representation of  Spatially explicit production and Clearly defined zonation
minimal habitat quality for conservation zones; spatially system; superior ecosystem
general forest biodiversity; concentrated harvesting service per zone; concentrated
regular distribution of key habitat activities within forest land- harvesting activities within
features; gradual ecological scape; reduced extent of road  forest landscape; significant
differences between forests; system; supports natural amounts of area are devoted
often natural regeneration and  processes in relatively large to forest biodiversity; supports
self-thinning processes; flexibility conservation zones natural and dynamic forest
to respond to unforeseen development in a significant
developments share of the landscape

Weaknesses Multiple management directions Patchy and often isolated Requires relatively large and

per forest — can be ineffective and

create conflicts between stake-
holders; can impair the conserva-
tion of specialist forest species
due to the rarity of old-growth
forests; extended forest road
system; regular management
interventions; emphasis on
managing small areas as mul-
ti-species, uneven-aged stands
may lead to static forest land-
scapes; can discriminate light-
demanding species

distribution of forest biodiver-
sity zones; mostly embedded in
a matrix of production or
non-forest; fixed spatio-tempo-
ral zoning with superior
functions; sharp ecological
differences between zones;
regeneration in production
zone through planting and
sowing; can increase resource
vulnerability to disturbance or
pathogens in production zone

continuous forest landscapes
with large properties; distinct
habitat quality differences
between zones; fixed spa-
tio-temporal zoning; regenera-
tion in production zone often
through planting and sowing;
partial isolation of biodiversity
zones

Appropriateness

Regions with a long tradition of
area-wide forest use and an
extensive road network; regions
with a patchy distribution of
forest in an intensively used
matrix and a clear under-rep-
resentation of primeval forests;
regions with high ownership

density and stakeholder participa-

tion

Regions with a significant
amount of remote, primeval
and old-growth forests, and an
above-average proportion of
endemism; regions with distinct
zones of production forestry;
regions with low proportion of
forest area under management
plan and high demands for
wood fuel

Regions with large forest
landscapes, low human
population densities and
different development
standards of the forest road
network; allows addressing
bioeconomic and conservation
objectives in spatial explicit,
neighbouring zones; need for
large forest properties (public
or companies) and limited
stakeholder participation
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vation approach and is still considered the “corner-
stone” of national and regional conservation strate-
gies (Margules and Pressey 2000; Gustafsson and
Perhans 2010; Watson et al. 2014). Forest areas des-
ignated primarily for biodiversity conservation
account for 13% of the world’s forest (FAO 2010),
and 16% (5% in Europe, incl. Russian Fed.) are
legally protected areas (Morales-Hidalgo etal.
2015). Some larger intact forest landscapes still
occur in Europe, e.g. in the Carpathians, the Dianaric
mountains, in the “green belts” along the Finnish-
Russian border and on the eastern slopes of the
Scandinavian Mountain range (Potapov et al. 2017;
Sabatini et al. 2018, Jonsson et al. 2019). However,
these remnants of pristine forests are exceptions
and even a significantly enlarged reserve network is
considered to be insufficient to preserve biodiver-
sity (Bengtsson et al. 2003 ; Sabatini et al. 2020). The
large majority of the forest area will continue to be
used and an embedded network of a limited num-
ber of spatially segregated reserves is unlikely to
support viable populations of all native, for-
est-dwelling species (Fahrig 2020). Therefore, many
countries combine set-aside measures for the last
remaining pieces of natural and old-growth forests
(Parviainen et al. 2000; MCPFE 2003) with an inte-
grative approach on the managed forest area. Such
a dual approach corresponds to the Aichi targets #7
(reduce pressure on biodiversity by sustainable use)
and #11 (improve status of biodiversity by safe-
guarding ecosystems) of the Convention on Biolog-
ical Diversity (CBD 2011). There is a strong need for
innovative systems dealing with the promotion of
biodiversity in managed forests. Integrative meas-
ures strive to increase the structural diversity and
resource availability by retaining and creating
important, permanent or semi-permanent habitat
elements such as habitat trees, deadwood and for-
est gaps at the single forest stand scale (Bauhus
etal. 2009; Puettmann et al. 2009; Bollmann and
Braunisch 2013; Emberger et al. 2013; Messier et al.
2014). Case studies on integrative management
approaches have shown that restoration measures
can significantly improve habitat quality and biodi-
versity at the stand and forest scale within a decade
time period (e.g. Doerfler etal. 2017; Roth etal.
2019). Although there is still an ongoing debate
regarding the appropriateness and effectiveness of
integrative measures (e.g. Gustafsson et al. 2012), in
particular the quantities and threshold needed for
optimal conservation, it is unlikely that they will be

enough to restore the integrity of European forest
and biodiversity (e.g. Bollmann and Braunisch 2013).
A structural retention approach in managed forests
in combination with the currently small area share
of forest reserves is unlikely to represent the entire
spectrum of ecological conditions of natural forest
ecosystems (Sabatini etal. 2020). Natural distur-
bance agents such as wind, fire, snow, and water
are important ecological drivers of natural forests
and have strongly influenced the co-evolution of
forest biodiversity (Bengtsson et al. 2000; Franklin
etal. 2002; Kuuluvainen 2002a). Wind, fire, and
water create stands with large amounts of dead-
wood (i.e. resource pulse) and associated saproxylic
species community (Seibold et al. 2016). These struc-
turally heterogeneous stands provide favourable
microclimatic conditions in their early seral stage for
the natural establishment of a rich herb and shrub
layer with the associated insect community (Winter
etal. 2015). Hence, the integration of disturbed
stands and early seral stages in forest and biodiver-
sity management is an important element of future
conservation strategies. The permanent or tempo-
rary delineation of disturbed areas as post-distur-
bance patches will support forest restructuring and
adaptation processes and thereby complement tra-
ditional integrative conservation measures (Boll-
mann and Braunisch 2013). The integration of natu-
rally disturbed stands in forest management will
gain in importance under climate change conditions
and offers the opportunity to adapt conservation
objectives situationally and to accelerate adapta-
tions. The post-disturbance patches should be seg-
regated from management in the first phase of for-
est succession (15-25years) and can be later
integrated in the area-wide forest management.
The combination of integrative and segeregative
measures with disturbed forest patches for a pre-de-
fined period in a forest enterprise results in mosa-
ic-like forests with structurally rich stands in differ-
ent successional stages (Krumm et al. 2013). This is
considered favourable for biodiversity conservation
as mosaic forest landscapes have been shown to
support a high diversity of species and taxa at the
regional scale (i.e. multi-taxa gamma-diversity;
Schall et al. 2017; Fahrig et al. 2019).

In this book chapter, we present a conceptual
framework and the instruments for the conservation
of species-rich forest communities. We refer to eco-
logical forest management that intends to keep for-
ests within their natural range of composition, struc-
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ture and function and hereby provides habitats for
viable populations of native forest species. We briefly
present the limiting factors with respect to maintain-
ing viable populations and put a special emphasis on
comparing the main instruments for the conserva-
tion of biodiversity in the frame of an ecologically
sustainable forest management. Influenced by forest
ownership, biophysical conditions and socio-eco-
nomic demands, forest management can create
structurally and compositionally heterogeneous for-
ests that provide a multitude of niches for the con-
servation of forest-dwelling species from stand to
landscape scales. We further stress that, although
operational management mainly takes place within
single stands, landscape structure, composition and
connectivity must be included in strategic planning
of prioritised conservation approaches to build func-
tional green infrastructures (European Commission
2013).

Limiting factors to forest biodiversity

Forest ecosystems comprise thousands of interact-
ing species that are affected by a variety of abiotic
and biotic factors (Noss 1990; Landres et al. 1999).
Typical forest-dwelling taxa such as fungi, lichens,
beetles, and snails depend on long-term succes-
sional processes that are significantly influenced by
the life-history of trees and the spatio-temporal
dynamics of forest stands (Speight 1989; Siitonen
and Saaristo 2000; Lassauce et al. 2011; Dymytrova
et al. 2013). Large, senescent trees with their micro-
habitats and deadwood are characteristic of old-
growth, primary forests, and are the main resources
of saproxylic organisms that contribute about
20-30% of forest species richness (Siitonen 2001;
Larrieu et al. 2018; Stokland et al. 2012). Even-aged
production stands with rotation cycles of about
80-140 years, as being common in several parts of
Europe, are structurally homogeneous and differ
considerably from natural forests. Only 0.7 % of
European forests remain pristine — with key areas in
Finland, Sweden, the Carpathians, and the Balkans
(Sabatini et al. 2018). Hence, there is an urgent need
to strictly protect the last remnants of pristine for-
ests and segregate them from demands of other
forest functions, a call clearly expressed in the recent
EU Biodiversity strategy (European Commission
2020; Sabatini et al. 2020). These forests are charac-
terised by habitat continuity, shaped by long-term
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successional processes, and modulated by periodic
natural disturbances (White and Pickett 1985; Atti-
will 1994; Korpel 1995). Large old-growth and pris-
tine forests can contain structurally complex stands
with notable amounts of deadwood and large giant
trees with plenty of microhabitats, and thus, a high
variety of saproxylic species (e.g. Stokland et al.

2012). In particular, “Urwald relict” species have

been shown to be strongly dependent on habitat

continuity (Martikainen et al. 2000; Muller et al.

2005; Moning et al. 2009; but see also Ohlson et al.

1997). Delineating formerly managed forests as for-

est reserves is a possibility to trigger natural pro-

cesses and the development of old-growth charac-
teristics within multi-purpose forest landscapes

(Vandekerkhove et al. 2009; Motta et al. 2015; Pail-

let et al. 2015). In summary, native forest biodiver-

sity depends on several factors that should be con-
sidered in conservation strategies for production

forest landscapes: (a) structure, (b) resources, (c)

composition, and (d) processes (Jonsson and Siito-

nen 2013). These factors vary with the tree, stand,
forest, and landscape scales.

(a) Structures: forest structures like old trees, tree
microhabitats, multi-layered stands, standing
and lying deadwood, and pits and mounds are
more abundant in long-term unmanaged forest
(Winter etal. 2005; Larrieu etal. 2012) and
have been shown to be positively related to
saproxylic species richness (Angelstam etal.
2003; Jonsson et al. 2005; Lachat et al. 2012; see
also Rolstad et al. 2004) but also to mammals
and birds (Harmon et al. 1986; Angelstam et al.
2003; Nagel et al. 2017; Mikusinski et al. 2019).

(b) Resources: abiotic or biotic factors like water,
light, nutrients, food, breeding sites, and their
spatial abundance and distribution - that are
related to area and connectivity — influence
species communities of forest ecosystems.
Shortage in any of these factors may negatively
impact on species presence and abundance
(Kimmins 2004).

(c) Tree species composition: trees, dead or alive,
are the most abundant organisms regarding
biomass and structure. Thus, the co-occurrence
and trophic relationship between tree species
and herbivores, granivores, and frugivores var-
ies with tree species composition. Tree species
richness and functional diversity have been
shown to be key drivers of forest-associated
biodiversity and trophic interactions at the



Fig. B1.2. The restoration of former coppice with standard forests is an effective measure for the conservation of
threatened, light-demanding forest species such as the scarce heath (Coenonympha hero) in this project area
(Photo: Kurt Bollmann).

Table B 1.2. Important structural and compositional factors of high-diversity forest stands.

Site factors

Soil conditions and local climate are essential factors for plant and tree species composition

Light and
microclimate

Large variation in light and temperature promotes diversity of herbs, forbs, shrubs, trees,
and insects of forest stands

Stand structure

Large vertical and horizontal variation in stand structure creates many ecological niches and
promotes species diversity

Old and dead trees of
various decaying stages

Many species from the diverse groups of saproxylic insects, bryophytes, lichens, and fungi
are habitat specific with regard to type of wood and decaying stage

Tree microhabitats

Coarsely fissured bark, branch and rot holes, fruit-bearing shrubs, lianas, and trees can serve
as key structures which improve habitat quality for lichens, bats, small mammals, and insects

Continuity and
maturity

The continuous development and the maturity of a forest ecosystem often increase
ecological niches and the complexity of food-networks. Some fungi are dependent on late
decaying stages of deadwood, others on years of undisturbed litter for the development of
their mycelia

Disturbances

Disturbances such as browsing, pathogens, windthrows, wildfire and snow breaks increase
the number of dead trees and usually creates gaps and other irregularities, and hereby
promotes early-successional species, some of which may be uncommon

Early successional
habitats

Early successional habitats originating from clearings and natural disturbances are rich in
pioneer and light-demanding species, but underrepresented in many forestry systems due
to planting and salvage logging activities

Edgeline effects

Transition zones between clearings and natural gaps (e.g. disturbance gaps, mires) and
closed forests create an edgeline effect with highly different temperature and light
conditions at small scales. Such ecotones have often a positive effect on species diversity,
but can threaten typical forest species through competition by open habitat or edge species
in fragmented forest landscapes

Mosaic of different
vegetation types

Spatial heterogeneity in vegetation types (patchiness) increases the diversity of ecological
niches for forest dwelling species. The asynchronous development of such patches creates a
successional mosaic cycle

Size and connectivity
of habitats

Size and degree of spatial isolation of forest stands (fragmentation) affect the probability
of local extinctions and recolonisation of species
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stand level (Ampoorter et al. 2020; Staab et al.
2015). Some tree species like oak (Quercus spp.),
hornbeam (Carpinus spp.), and poplar/aspen
(Populus spp.) are known to provide habitat for
several hundreds of forest organisms (e.g. Ken-
nedy and Southwood 1984).

(d) Processes and disturbances: two types of pro-
cesses are crucial in forests; disturbance and
succession (Holling 1987; Mori 2011). They are
closely linked and influence the availability and
quality of habitat resources and their spa-
tio-temporal occurrence (Kuuluvainen 2002b).
They support a mosaic-cyclic-succession (Bengts-
son et al. 2000) and are increasingly considered
as being important for natural adaptation and
transition processes under climate change
(Dietz et al. 2020; Millar et al. 2007).

Factors that increase the structural and composi-
tional heterogeneity of forests stands are an impor-
tant pre-requisite for high diversity in forest land-
scapes. They include abiotic site factors, the

Nature

Sustainable

Past forest Future

production

Culture

Fig. B1.3. Anthropogenic impact on forest biodiversity is
conceptually related to two dimensions Naturalness
(from nature to culture) and Time (from past to future)
with two reference condition: past/historic and future/
novel. Sustainable forest production covers the central
part (light brown) of the concept and makes the basic
contribution to biodiversity conservation by integrating
retention measures (i.e. integrative forestry). Segregative
measures aiming at preserving, restoring, designing and
re-wilding areas of high conservation values make a
complementary contribution (green) to the effects of
integrative forestry. They should be applied in areas
where they can achieve the best effect for biodiversity
conservation within one of the four reference sectors
(secondary natural, novel/designed, historic, and pristine).
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occurrence of old and decaying trees, microhabitat
structures, the abundance and distribution of dis-
turbances and ecotones, and the size and connec-
tivity of various habitat patches (Table B 1.2). Mod-
ern forest management integrates the spatial
occurrence and distribution of these factors into
biodiversity conservation planning under consider-
ation of the regional environmental properties and
policy rules.

Conceptual framework and conservation
instruments

Conservation actions in human-dominated, mul-
ti-purpose landscapes can be arranged along two
dimensions with four reference conditions. The
first dimension covers the gradient between nature
and culture (naturalness), and the second dimen-
sion represents the temporal axis ranging from the
past to the future (time) (fig. B 1.3). Reference con-
ditions for the past correspond to pristine forests or
to historic forest types of high conservation value
(e.g. coppice with standards (fig. B 1.2), forest pas-
tures, chestnut orchards). Today’s remnants of his-
toric forest management systems benefit forest
species that are promoted by light and tempera-
ture and are associated with a mosaic of open and
stocked habitats (e.g. Lassauce et al. 2012; Muller-
ova et al. 2015; Miklin et al. 2018). One means to
restore natural processes is to withdraw forests
from use and let them develop freely within the
borders of a strict forest reserve. However, such sec-
ondary natural forests need centuries to develop
typical habitat characteristics of primary forest
(Lilja et al. 2006; Paillet etal. 2015; Paillet et al.
2017; Braunisch etal. 2019). A second reference
condition for the future are to design forests
towards a desired ecosystem service such as timber
production, CO,-sequestration, or recreation. Proac-
tive approaches for the promotion of biodiversity
under novel forms of production forestry have not
been sufficiently evaluated so far. However, “Nature
by design” (Higgs 2003) has already become a form
of biodiversity promotion in human-dominated
landscapes (e.g. Koh and Gardner 2010) and is an
option to be considered in regions with large areas
of plantation forests (Brockerhoff etal. 2008;
Bernes et al. 2015).

A conceptual framework that distinguishes
between these axes and reference conditions incor-
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Conservation instrument
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reserve  reserve  reserve type stand retention

Scale L L1 L1 L | | | I;S 1S S S S
Processes and attributes
reslionce ® O ® O o [
resilience . ‘ [ [ ]
Ecological
continuity, maturity . ' L] . . [ J ' . . ‘ ‘
and dynamics
Natural disturbance ‘ . [ ) ° ) [ ) () ° Y
Stand mosaic cycle . [ ] [ ) [ ) ° PY
Structural ’ ‘
heterogeneity ‘ ‘ . . O . . © .
Spatial resilience
connectivity ° ° b d b ' . ‘ ‘ ‘
Rarity and ‘ ‘
uniqueness . . . . ‘ . © L L o
Old and dead trees . ' ° ° ° ‘ ‘ ‘ °
Key structures and ‘ ’ ‘ ‘ ‘
microhabitats . ‘ . . ’ .
Forest ecotones . . ' ‘ [ ] [ ] L] [} . [ ] [ ]
Semi-open stands, ‘ .
light on ground ' b O O o ‘ .
Habitat mosaic . [ ] () ) ° ° ‘ . . . [ ) °

Integration

Segregation

Fig. B 1.4. Conservation instruments to consider important processes and attributes of forest biodiversity. The effective
application of the instruments depends on the appropriate scale (L[arge] = regional or forest scale; I[[ntermediate] =
stand scale; S[mall] = tree scale), and therefore are better suited for integrative or segregative approaches. The
supposed conservation impact of the different instruments is indicated with bullets (® = high; * = moderate; - = low).
Strict forest reserve: conservation area left to natural development without interventions, Special forest reserve: area
with conservation measures through active management, Biosphere reserve: protected landscape with three zones of
graded land-use intensities (preservation, sustainable use, socio-economic development).

porates past and future temporal dimensions and
offers both the opportunity to preserve remnants
of natural and cultural legacies and the opportu-
nity to restore and create forests with biodiversi-
ty-friendly forest management practices next to
self-organising habitats (e.g. secondary natural for-
ests, wilderness areas).

There are different instruments of the concep-
tual framework that can be used in a given forest
enterprise (fig. B 1.4). The effective use and appro-
priateness of the instruments depend on the par-
ticular situation with regard to the natural species
pool, the biophysical conditions, ownership struc-
ture and economic demands.

A clever, systematic, and area-specific
combination of different conservation
instruments

In a systematic conservation approach, integrative
and segregative conservation instruments are com-
bined and applied along the dimensions time and
naturalness in the conceptual framework
(fig. B 1.3). Sustainable production forestry sets the
ecological baseline by providing a minimum habi-
tat quality for generalist forest species on the over-
all forest area (Bollmann et al. 2009). The applica-
tion of different conservation instruments, some of
them more suitable for an integrative approach,
others for a segregative approach, make an addi-
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(Photo: Kurt Bollmann).

tional contribution to the conservation of a repre-
sentative forest biota (fig.B1.4). Tree species
diverse forests in combination with the conserva-
tion of important structures such as old trees with
microhabitats, rocky outcrops, aquatic elements,
gaps, and structured forest edges can be an inte-
gral part of an area-wide sustainable forest pro-
duction. The same applies to crucial resources such
as standing and downed deadwood (fig. B 1.5) that
constitute a limiting factor in most managed for-
ests (reviewed by Jonsson etal. 2005; Stokland
etal. 2012; Muller and Butler 2010; Lassauce et al.
2011). The potential for the integration of rare for-
est types and biotopes into managed forests
depends on the size of the objects, and segregation
is the appropriate approach for larger areas of high
conservation value (e.g. national park, strict forest
reserve, rare forest type, historic conservation for-
est, wildlife corridor) that require a separate and
permanent protection and management.

36

Fig. B1.5. Standing and downed deadwood provide habitat for 20-30 % of total forest species

B
T e
A

1
|

A biodiversity conservation strategy that com-
bines the advantages of integrative and segrega-
tive instruments improves habitat quality across
managed forests and landscapes due to the area-
wide retention of important habitat features at the
tree (e.g. ‘'methuselah’ trees) (fig. B1.6) and stand
(e.g. old-growth or early seral) scale and the preser-
vation of entire forests or stands of high conserva-
tion concern (e.g. forest reserve, rare forest type)
(Doerfler etal. 2018). According to new findings
(Fahrig 2020), such an approach is considered to be
effective because it puts more emphasis to the con-
servation of small key structures and patches than
on larger reserves which will continue to be the
rarer conservation elements in managed forest
landscapes. As a consequence, conservation efforts
may vary across the forest enterprise in relation to
site specificity, rarity and uniqueness of the differ-
ent habitats or stands. Thus, the strategy can be
adapted flexibly to regional forest and conservation
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Fig. B 1.6. Retaining old trees is a widespread conservation measure of integrative forestry (Photo: Kurt Bollmann).
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planning or to the occurrence of natural distur-
bances (fig. B1.7). It is applicable under different
ecological, societal, and economic conditions and
can be adapted to various ownership situations. A
conservation strategy that combines integrative
and segregative measures and increasingly consid-
ers disturbance agents and processes in the forest
management places a special emphasis on biodiver-
sity conservation on the entire forest landscape
while simultaneously supporting adaptive pro-
cesses. Such a combined forest management
approach increases overall habitat suitability, func-
tionality, and connectivity. If carefully designed,
and taking landscape connectivity into account, it
will significantly improve the possibility to establish
a functional green infrastructure (e.g. Arts etal.
2017; Mergner 2018; Angelstam et al. 2020).

Conclusions

Maintaining and restoring representative autoch-
thonous forest biota, from genes to entire species
communities, requires a comprehensive hierarchi-
cal concept that combines segregative (reserves)
and integrative (off-reserve) conservation instru-
ments at different spatial scales from single trees to
forest landscapes. Such a dual concept tries to opti-
mise the advantages and disadvantages of a pure
segregative or integrative forest management.
Optimally, it retains and conserves important and
rare habitat elements across the entire forest land-
scape and complements it with a network of
reserves and post-disturbance patches. The reserves
can develop into secondary, old-growth forests,
thus providing habitat for viable populations of
rare forest species in a multi-purpose landscape.
They serve as biodiversity refuges and functionally
link the biodiversity trends in the reserves with spe-
cies communities in the production forests and
post-disturbance patches.

Such a unifying framework provides a flexible
ap-proach for foresters and conservationists to take
measures in favour of the regional conservation
objectives. A broad spectrum of instruments that
can take advantage of a large variety of ecological,
societal, and economic properties seems to be espe-
cially helpful when it comes to applying them in
different cultural and political situations (see Syn-
thesis chapter). The measures should be planned at
the regional scale according to the four reference

38

conditions of the conceptual framework (fig. B 1.3)
and consider the natural history and cultural legacy
of the landscape, as well as the future needs of the
different stakeholders.
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Introduction

Forests are of great importance, not least as an
integral part of complex land-use systems shaping
the European cultural landscape. Compared to the
rates of change of open land, forests are relatively
persistent landscape elements. Still, over a longer
term, forests have been very dynamic with respect
to spatial extent, internal structure, and species
composition. Forest expansion after the last Ice Age
was followed by shrinking of the forest area owing
to the expansion of agriculture and settlements,
i.e. the classic frontier situation, which lasted in
Europe over a long period. However, there have
also been periods of temporary forest expansion,
e.g. caused by the Black Death (Rudel 2009; Lageras
2007). Forest transition (Mather 1992), i.e. the more
recent change from forest decline to forest expan-
sion, has taken place at different times throughout

Fig. B2.1. Coppice with standards — a forest use system
historically widespread across Europe. This silvicultural
approach was tailored to produce firewood and construc-
tion wood for local people. At the same time, it turned
out to support many light-demanding forest species and
— where still present - has developed today into biodiver-
sity hotspots (Photo: Hans Burger, Archive WSL 1925).

Europe, e.g. in Switzerland (Loran et al. 2016) and
Germany (Johann et al. 2004) already in the first
half of the nineteenth century.

The changes in forest area triggered succes-
sional patterns which were overprinted by human
impacts, i.e. forest use and management (Kirby and
Watkins 2015). Over time, societal demands
changed and often diversified from various forest
products to the full range of ecosystem services
which today are in demand. The corresponding
changes in forest structure and composition were
reflected in changes in ecological characteristics,
including biodiversity (Kirby and Watkins 1998).
The diversity of these linkages between forest use
and management and forest ecosystems has been
addressed in a series of international conferences
(e.g. Salbitano 1988; Agnoletti und Anderson 2000;
Honnay et al. 2004). Lately, more weight has been
given to aspects of cultural heritage (e.g. MCPFE
2006; Parrotta et al. 2006), and the concepts of
‘biocultural diversity’ (Agnoletti and Rotherham
2015) and ‘biological cultural heritage’ (BCH) (Eriks-
son 2018) have been promoted to foster an inte-
grative perspective on cultural and natural herit-
age.

In this chapter we illustrate, in a series of six
case studies from different parts of Europe
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Fig. B2.2. Location of the six case studies (CS1 to CS6)
presented in this chapter.

(fig. B2.2), how centuries of forest use and man-
agement have left imprints on forest ecosystems,
and how acknowledging the legacy effects of the
long-term inter-relationship between societies and
their forests provides valuable background for sus-
tainable forest management.

Case studies

CS1: Diversity of forest uses in floodplain
forests of the border region of Hungary
and Ukraine

Hardwood floodplain forests of Bereg Plain (Upper-
Tisza region in Hungary and Ukraine) have been
managed to provide a wide range of forest prod-
ucts for centuries (Takacs and Udvari 1996; Demeter
2016). Pannage (i.e. the practice of feeding and fat-
tening domestic pigs on acorns, worms, fish, and
forest grasses) has been at the core of forest use, as
old oak (mainly Quercus robur) forests on rich and
moist sites are suitable for the production of
high-quality oak timber and pigs (Sas 1928; Csiszar
1971). Oak trees were sold at auction and cut selec-
tively by smallholders, providing construction tim-
ber, barrel staves for vineries, and other products to
local communities. A continuous increase of the
number of pigs was reported in the region from
the mid seventeenth to the end of the nineteenth
century (Lehoczky 1881). The importance of flood-
plain oak forest in pig breeding was also reflected
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in commons and village laws: “One who cuts mast
producing oak tree must be fined 12 forint”
(Belényesy 1957). In this period, 90 % of the oak
forest in the region were high forest (Fekete 1888)
and most of them were old semi-natural forests
(Fekete 1890). As large old oak trees produced
much larger acorn crops, it was in the interest of
local communities to preserve them. Bereg Plain
was split after World War | and divided between
Hungary and the Ukrainian Soviet Socialist Repub-
lic. The resulting changes in legal and socio-eco-
nomic circumstances contributed to the develop-
ment of different trajectories for forest manage-
ment and corresponding forest structure.

To document the diversity of forest uses in the
second half of the twentieth century, 22 oral his-
tory interviews with local forest users were con-
ducted (11 on the Hungarian side and 11 on the
Ukrainian side) and the ecological impact of the
uses recorded was assessed (Table B2.1). Results
show that in this recent period, local to interna-
tional demand for oak railway sleepers, barrel
staves, and construction wood triggered the devel-
opment of the selection logging system. These tim-
ber uses together with pig grazing have also had
the highest ecological impact.

Legal differences between the two countries
led to different developments in forest uses sys-
tems. On the Ukrainian side, forestry law did not
contain a clear regulation on forest grazing. Conse-
quently, just as in the case of non-timber forest
products, forest grazing can theoretically be prac-
ticed by the local population in the not-strictly-pro-
tected forest, provided they do not cause damage
to the ecosystem (Forest Code of Ukraine 1994). In
practice, it is up to the local forestry administration
to control this activity. Nationalisation of goods in
the Soviet period led to the abandonment of pig
grazing by 1970, but selection logging is still a vital
part of forest management (Demeter 2016). Until
the end of the 1990s, a sanitary selection logging
system and the above-mentioned pannage system
fostered the preservation of several forests with
near-natural structure (e.g. including large to very
large trees) on the Ukrainian side (Demeter 2016;
Demeter et al. 2017).

On the Hungarian side, timber shortage after
1920 led to a significant intensification of forest
management and rotation forestry was preferred
over low intensity selection system. Homogenisa-
tion of forest use with a rotation cycle of 80 to 100
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Table. B2.1. Forest uses mentioned for the second half of the twentieth century in at least 20 % of the oral history
interviews conducted (11 interviews in each region). The values for spatial extent and biomass removal are adopted
from Burgi et al. (2013). Spatial extent: 3 = large proportion of forest area affected; 2 = about half of forest area
affected; 1 = small proportion of forest area affected; 0 = part of other use. Biomass removal: 3 = massive removal;
2 = medium removal; 1 = little removal; 0 = part of other use. Listed according to the Ecological impact which is the

product of spatial extent and biomass removal.

Forest uses and products Hungary Ukraine Spatial extent Biomass Ecological
% mentions % mentions removal impact
Logging/fuel wood 100 100 3 3 9
Logging/ construction wood 100 100 3 3 9
Hunting/sport 100 100 3 3 9
Collecting/litter/fuel wood 55 100 3 3 9
Logging/barrel staves 36 73 3 3 9
Logging/railway sleeper 18 45 3 3 9
Grazing/grass/acorn/pig 0 82 2 3 6
Collecting/acorn/sowing 100 100 2 2 4
Logging/grape stakes/poles 0 55 2 2 4
Collecting/mushrooms 55 100 3 1 3
Mowing/forest meadow/hay 45 82 1 3 3
Logging/wooden tools 9 91 3 1 3
Logging/oak grave marker 0 82 3 1 3
Collecting/fertile soil 9 55 1 3 3
Raking leaves/litter 9 45 1 3 3
Collecting/flowers 36 91 1 2 2
Collecting/acorn/fodder 9 73 1 2 2
Grazing/grass/leaves/sheep 45 9 1 2 2
Tourism/hiking 100 45 1 1 1
Grazing/grass/leaves/cattle 36 73 1 1 1
Collecting/wild fruits 0 55 1 1 1
Fishing 27 91 0 0 0

years has led to the significant loss of old stands
and the homogenisation of forest structure (Deme-
ter et al. 2017). Grazing of domestic animals in the
forest was restricted from 1920, totally banned in
1961, and consequently abandoned in the studied
landscape. At the same time, forestry changed from
multiple-use towards single commodity forestry,
resulting in an even-aged (middle-aged and
mature) closed canopy, high forests with less old-
growth characteristics (e.g. without large old trees
and without large lying deadwood) (Demeter et al.
2020). Therefore, continuation and targeted resto-
ration of selection systems and application of mul-
tiple-use management (e.g. grazing according to
local demand) should be considered to diversify
management and to restore the former structure
of floodplain oak forests of the Pannonian region.

CS2: Historical forests in lowlands in the
Czech Republic — game parks, designed
landscapes, and biodiversity hotspots

The total forest cover of the Czech Republic is
33.5% but the cover is distributed unequally (Bi¢ik
etal. 2015). In central Bohemia and southern
Moravia, which have been continuously inhabited
since the Neolithic Age, the forest cover is signifi-
cantly below the national average. Some of these
forests have important cultural and historical val-
ues and they are hotspots of biodiversity in an oth-
erwise intensively used landscape (Santrtickova
et al. 2017).

Forest landscape development has been stud-
ied closely in a 113 km? region in central Bohemia,
east of Prague, where the climate is moderate, and
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Fig. B2.3. Development of all forests and forest types which today are classified as natural forest habitats (sensu
Natura 2000 in Chytry et al. 2010) in the study area in central Bohemia.

the altitude ranges from 200 to 250 m a.s.l. Forest
cover has remained rather stable over time: 16.6 %
in the 1780s; 17.98 % in the 1840s; 12.13% in the
1870s; and 16.64 % in the 2000s (Skalos et al. 2012).
However, the location of the forest has changed a
lot (fig. B2.3). In the early eighteenth century,
Baroque designed landscapes with game parks and
pheasantries (i.e. areas where pheasants are bred
and reared for the specific purpose of hunting)
were established in this area. At the beginning of
the nineteenth century, the gardens were rede-
signed. The newly created landscapes incorporated
the Baroque game parks, and they were also
enlarged. In the same period, the total area was
also changed with respect to inner structure, func-
tion, and species diversity, as shown in the follow-
ing example. In the eighteenth century, tall
broadleaved woods dominated in game parks,
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whereas on slopes, coppice and scattered and
shrubby woods prevailed. Over the course of the
nineteenth and twentieth centuries, many small
and scattered woodlots disappeared because of
agricultural intensification (Jepsen etal. 2015;
Szabo et al. 2018; Skalos et al. 2011). Broadleaved
woods on slopes were either converted into
orchards or to intensively managed coniferous for-
ests with a focus on wood production. Species-rich
forests were retained almost only in (former) game
parks and pheasantries near manors (Skalo$ et al.
2012; Santriickova et al. 2015, 2017), making them
important for cultural and natural heritage.
Despite their relatively small area and similar
origin, these heritage forests are not a homogene-
ous group (fig. B2.3). Zehusice game park has been
continuously used for deer grazing since the 1820s;
today this game park is privately owned. The area is
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a mixture of alluvial forests, alder carrs, and mesic
meadows. The Kacina game park and Nové Dvory
pheasantry were nationalised in the 1940s, and they
are still owned by the state. Hunting was aban-
doned several decades ago, the intensity of forest
management decreased, and they are currently
managed with a low intensity. The former mosaic of
alluvial forests (dominated by Salix alba and Popu-
lus nigra or Quercus robur, Ulmus minor, Fraxinus
excelsior, Prunus padus), alder carrs (Alnus gluti-
nosa), willow carrs (dominated by Salix aurita, S.
cinerea, S. pentandra), oak-hornbeam forests/aci-
dophilous oak forests (dominated by Quercus pet-
raea, Q. robur, Carpinus betulus), and mesic Arrhen-
atherum and wet Cirsium meadows changed, as
meadows were replaced by oak-hornbeam forests
mainly in the nineteenth century and by alluvial for-
est and alder carrs in the twentieth century
(SantrGickova etal. 2015). Both game parks are
protected as natural monuments and they are man-
aged with nature conservation as a specific objec-
tive. Kacina game park is also listed as a special area
of conservation under the European Union Habitats
Directive (92/43/EEC).

CS3: Legacy effects of industry in forests
contributes to the cultural-historical as
well as their ecological value - forest
biodiversity in Latvia

In a case study carried out in Zemgale (southern
Latvia), we examined whether biodiversity hot-
spots, known in northern Europe as woodland key
habitats (Timonen et al. 2010, 2011), occur in con-
tinuous forest land and to what degree scale mat-
ters in this process. The presence of 2797 key habi-
tats was analysed at five spatial scales (with
neighbourhood radii (r ) of 80, 800, 1400, 2500, and
5500 m, upscaled by moving window averaging)
and referring to forest cover in four reference years
(1790, 1860, 1910, and 2010, according to historical
maps; Fescenko etal. 2016). Zemgale (with total
area 5178 km?) was chosen as a study area, repre-
senting the most intense and diverse land-use his-
tory over the last three centuries in Latvia (Fescenko
etal. 2014), and exhibiting a relatively high per-
centage of woodland key habitats.

The results showed that settlement activities of
the recent past (occurring over less than a century),
iron manufacture activities, and medium-intense

logging during the eighteenth century had resulted
in today’s highly diverse forest pattern (Fescenko
and Wohlgemuth 2017). This can be illustrated in
the area surrounding the largest historic iron man-
ufacturing centre Dzelzamurs of the Duchy of Cour-
land/Semigallia, where ironworks ran from 1648 to
at least 1705. Today, this area has one of the high-
est densities (5.1-30 %) of woodland key habitats
(fig. B2.4). Moreover, the woodland key habitats
have had a surprisingly diverse and dynamic land-
use history, indicating that such structurally and
taxonomically diverse forest stands are linked to
both the presence of old-growth and to heavily
anthropogenically shaped forests. Regression mod-
els showed that short-term (50-70 years) and small
(up to 250 m) gaps in past forest cover were signifi-
cant positive predictors of woodland key habitat
presence, and the resulting patterns resembled
those caused by - in terms of frequency and inten-
sity — intermediate natural disturbances. Overall,
73 % of woodland key habitats is located in forests
— with non-centres continuous forest cover (details
in Fescenko and Wohlgemuth 2017), a finding
which is in line with several studies that have illus-
trated the importance of land-use legacy effects on
today’s diversity at various scales (Lunt and Spooner
2005; Fischer et al. 2006; Wohlgemuth et al. 2008;
Boucher et al. 2014). Compared to other parts of
central and southern Europe, intensification of
land use in Latvia started relatively late and by the
end of the seventeenth century, forests still cov-
ered about 65% of the territory (Kaplan etal.
2009). Rapid development of agriculture and indus-
try in the eighteenth and nineteenth centuries
resulted in the lowest level of forest area (24 %) in
the 1920s, lasting for just a few decades. From the
1940s onwards, forest cover started to increase
again, reaching 55 % in 2012 (Fescenko et al. 2014).
This relative short period of lowest forest cover, as
well as the closeness of old forest patches through-
out the landscape, could be essential for successful
re-colonisation for old-growth dependent species,
dwelling in the current woodland key habitats of
Zemgale. Additionally, differences in soil, tree spe-
cies composition, and legacies of old trees were
important in the formation of today’s species rich
areas and about one third of woodland key habi-
tats with diverse land-use history were found in
wet alder woods or broadleaved forests, where old
solitary trees were common (Fescenko and Wohl-
gemuth 2017).
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Fig. B2.4. Location of the study area Zemgale (southern Latvia). Forest cover changes from 1790 to 1860 and distribu-
tion of woodland key habitats in 2010 in the study area. Landscape scale has a neighbourhood radius r, =2500 m.
Percentages refer to grid cells of 500x500 m. Gain and loss of forest cover refer to the percent change in the
corresponding grid cell. Stars denote locations of manufacturing centres before industrialisation in the nineteenth
century. The biggest star (top right) denotes the location of the largest iron manufacturing centre Dzelzamurs of the
Duchy of Courland/Semigallia. For details, see Fescenko and Wohlgemuth (2017).

Apart from the ‘disturbance effect’, the indus-
trial activities in Zemgale's forests during the seven-
teenth to nineteenth centuries also had a ‘conser-
vation effect’ by creating specific cultural structures
and landforms, which safeguarded and even pro-
moted forest biodiversity. For example, old slag-
hills on the banks of forest streams around past
iron manufactures prevented these streams from
becoming dredged and straightened during the
extensive melioration that occurred in the twenti-
eth century, thus keeping the natural riverbed
untouched up to the present time.

To some extent, industrial activities and inter-
mediate logging 200 years ago, have replaced nat-
ural disturbances in Zemgale as the principal agent
of dynamics in forests, creating spatially heteroge-
neous and bio-culturally diverse forest pattern.
From a conservation perspective, today’s forest
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management, therefore, should consider the his-
torical continuity of habitat fragments, and main-
tain a set of structurally rich forests of mid- to late-
successional stages at broader scales. Biodiversity
would also be promoted by forest management
based on emulating natural disturbances and focus
on reducing differences between protected and
managed landscapes.

CS4: From deforestation to ‘spasmodic
forestry’ in a Mediterranean landscape
of Catalonia, 1868-2005

Mediterranean forests have generally experienced
overexploitation and deforestation for long peri-
ods up until the mid-twentieth century, often fol-
lowed by expansion of forest owing to agricultural
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abandonment after a turning point, which is
referred to as ‘forest transition’ (Mather 1992; Mey-
froidt and Lambin, 2011). The spatial scope and
temporality of this historical process was different
in different locations, and has affected the current
ecological quality of forests; this can be understood
by considering their site-specific socioecological
transition (Otero et al. 2015). Up to the 1950s, the
intensive use, together with cropland expansion,
minimised forest extent and additionally reduced

Herbaceous cropland
I Arboricultural cropland
B Forest

River corridor
- Mass of water

| Barren land and pasture

I secondary road
- Main road
I compact urban arsa
- Dispersed urban area

0 10 km
|| "»;

the quality of the remaining woodlands. The subse-
quent fast and widespread forest transition follow-
ing rural exodus has entailed a woodland expan-
sion; however, this has often occurred without
recovery of the ecological processes and associated
biodiversity (Marull et al. 2014). Therefore, Medi-
terranean forests in many places became less resil-
ient and more vulnerable to climate change
(Kréel-Dulay et al. 2015). The re-growing secondary
forests are caught in a low ecological quality trap.

Fig. B2.5. Land cover maps of the study area in Catalonia (1868, 1956, and 2005). Source: Metropolitan Laboratory of

Ecology and Territory of Barcelona.
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Their low resilience prevents them from maturing,
and their low maturity keeps them in a low resil-
ience state.

This process can be illustrated by the example
of the study area in Catalonia (fig. B2.5), which has
experienced forest regrowth following rural aban-
donment during the last 60 years. The GIS recon-
struction of three land-use maps of 1868, 1956, and
2005 shows how forests have encroached on for-
mer cropland and pastureland from the 1950s
onwards, after a previous wave of deforestation.
Forest inventories show the intensive use of wood-
lands up to the 1950s, and their poor ecological sta-
tus in terms of age structure, diversity, and matu-
rity. Today's forests are prone to wildfires, which in
turn can force wood harvest, contributing to a
vicious circle: the lack of appropriate forest man-
agement increases wildfires, and leads to the forced
harvesting of fallen or burnt trees after these seem-
ingly ‘natural’ disturbances — a sort of ‘spasmodic
forestry’ (Cervera et al. 2019). The restoration of
landscape mosaics could offer the chance of an
alternative, more sustainable development path-
way. An analysis of historical forestland trends can
identify those areas where the mosaic structure of
cultural landscapes can be restored by recovering
pastures and croplands. This would entail restart-
ing an intermediate disturbance that can improve
biodiversity (Tscharntke et al. 2012). Those lands
with forest cover after rural abandonment have to
be differentiated from areas of continuous forest
cover, with the potential to develop into mature
forests, with older trees and richer soils, which
should be preserved.

In general, Mediterranean forests combined
with agroforestry mosaics (i.e. heterogeneous land-
scapes characterised by a set of land uses possessing
contrasting disturbances) provide a synergetic con-
tribution to biodiversity conservation based on the
‘virtuous triangle’ of forest cover, human appropri-
ation of net primary production, and biodiversity
(Marull et al. 2018). The lack of appropriate forest
management can lead to increased wildfires, which
in turn can lead to the ‘spasmodic forestry’ as
described above. To break this vicious circle, we
suggest combining sustainable forestry with farm-
ing and extensive livestock breeding as a means to
perform an active ecological restoration. Historical
knowledge can help in this task, by discovering the
previous dynamics of current woodlands and pro-
viding a guidance to differentiate the scarce old
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forests from the forests that are younger as a result
of the overuse up to the mid-twentieth century,
and from many other forests that have regrown
since the 1950s in abandoned steep lands.

CS5: Sami land use meeting the timber
frontier in nineteenth century Sweden
- consequences for today’s forest man-
agement

During the last 200 years, the boreal forest of
northern Scandinavia has witnessed tremendous
changes and the human use of the forest has gone
from low intensity use by indigenous peoples, to
high intense use by an industrialised society.

The indigenous Sami people have lived in and
used the north European coniferous forest land-
scape for several millennia. Their homeland, today
called Sapmi, crosses the Swedish, Finnish, Norwe-
gian, and Russian borders. In the northern inland
parts of Sweden, Sami people have been the domi-
nant ethnic group until modern times, and even
today traditional Sami reindeer herding is a very
important livelihood. Nomadic families move on a
yearly basis between different locations in the
landscape. Each site is visited at a specific time of
the year and provide a specific set of resources. Per-
formed over centuries and even millennia, this has
created gradients in the forest landscape with more
intensively used hot spots in a ‘sea’ of less inten-
sively used forests (Ericsson 2001; Berg 2010). Scots
pine (Pinus sylvestris) forest was especially impor-
tant. Open sparse old-growth pine heaths with
recurring forest fires provide ground and pendu-
lous lichens for the reindeer in the winter, and nat-
urally occurring dead pines are used for firewood
and the inner bark is collected for food (Rautio
et al. 2014). The long duration of low intensity land
use has left a unique historical legacy over thou-
sands of square kilometres of northern forests.
Trees with cultural marks (Ostlund et al. 2009; Rau-
tio et al. 2014 - Fig. B2.6), changes in fire frequen-
cies and vegetation pattern (Hérnberg et al. 2018),
and traces of resource use, such as cutting of trees
for lichen harvest (Berg et al. 2011), all tell the story
of the long-term Sami land use.

At the end of the nineteenth century, a timber
frontier swept over these same forests (Bjorklund
1984), driven by the industrial revolution and the
need for wood products in Western Europe. Mil-
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lions of very old Scots pine trees were cut and the
overall forest structure changed dramatically
(Linder and Ostlund 1998). At the same time, the
Swedish state claimed supreme ownership of most
of the forestland of which the Sami people had
previously been regarded as the supreme landown-
ers. The timber frontier and a parallel colonisation
frontier pushed the Sami people westwards and
left them without proper tenure of their home-
lands. This remained an unresolved issue which has
been repeatedly brought into courts over recent
decades (Ostlund et al. 2020).

Today most of the forest in northern Sweden is
used intensively for the production of timber and
wood for bioenergy. During most of the twentieth
century, there was an ever-increasing focus on high
forest yield and intensive management methods,
such as the use of herbicides and nitrogen fertil-

isers, large-scale clearcutting and mechanised har-
vest (Ostlund et al. 1997). Towards the end of the
twentieth century, strong environmental criticism
led to less intensive forestry methods (Simonsson
et al. 2015). Even more recently, there has been an
increased understanding of the challenges by the
Sami reindeer herders. The possibilities for their
livelihood are successively being more and more
constrained in the managed forest of today. The
main problem for the Sami reindeer herders is that
the forest is becoming younger and denser, and
thus provides less ground lichens for the reindeers
to forage in winter (Sandstrom et al. 2016). To over-
come this problem, new forms of interaction
between reindeer herders and the forestry sector
are being developed (Sandstrém et al. 2006) with
incorporation of traditional ecological knowledge
from the reindeer herders (Roturier 2009; Roturier

Fig. B2.6. The old-growth Scots pine dominated forest landscape north of Lake Tjeggelvas in northern Sweden,
traditionally used by several Sami families. The forest, which today is a forest reserve covers more than 50000 ha and
has high numbers of cultural remains (i.e. hearths, huts, culturally modified trees). Insert: a picture of an old Scots
pine with a Sami bark peeling scar (Photos: Lars Ostlund).
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and Roue 2009). This is, however, a great challenge
because there is an unbalanced relationship — on
one side, the forest owners including the state have
tenure of the forests, and on the other side, the
reindeer herders only have the traditional right to
use the grazing resources in the forest.

CS6: Hidden environmental heritage in
the forests of the Apennines

Similar to the Catalonian case study (CS4), also the
forests of the Apennines (the mountain range run-
ning down the length of peninsular Italy) have
experienced a long history of intensive use. Until
the enactment of the first state forestry laws insti-
tuted in 1822 in the Kingdom of Sardinia, and dur-
ing the Napoleonic administration in other pre-uni-
tarian states, the woodlands in the northwestern
parts of the Apennine mountain range, were man-
aged for production of a variety of products and
services using different and multiple management
systems; these systems involved grazing and mow-
ing practices, and even temporary agricultural uses
of forest soil (Moreno 2018; Cevasco 2004). The
ecology of this ‘land bearing trees’, a termed used
by Grove and Rackham (2003) for Mediterranean
savannah, was largely influenced by the use of con-
trolled fire, in particular in the beech (Fagus sylvat-
ica) and Turkey oak (Quercus cerris) woodlands, as
well as in rangeland bearing trees (Moreno et al.
2019), in combination with transhumance systems
(i.e. seasonal movement of livestock from pastures
at lower altitudes in winter to pastures at higher
altitudes in summer) (Moreno and Raggio 1990;
Cevasco etal. 2018). In the Upper Trebbia and
Aveto valleys (in the Ligurian-Emilian Apennines)
this particular type of woodland management,
including different types of controlled fire to sow
temporary crops (called ronco), has been used since
the early Middle Ages for the management of
white alder (Alnus incana) woodlands (Cevasco
2010; Agnoletti 2013; Molinari and Montanari
2016).

Long before the scientific observation of the
nitrogen-fixing Frankia soil microorganisms in the
late nineteenth century (1880s), the nitrogen-fixing
and fertilising ability of the alder was well known
to local naturalistic knowledge. The management
cycle in eighteenth to nineteenth centuries was
based on a 6- to 12-year rotation that included cop-

56

picing of alder (use of wood for cooking and heat-
ing and use of leaves as a green manure), turf strip-
ping, turf burning, sowing of cereals (oats, Avena
sativa; rye, Secale cereale) for one to two years,
wood pasture, and alder regeneration from cop-
piced stools.

These production systems - involving the beech
(Fagus sylvatica), the Turkey oak (Quercus cerris)
and the white alder (Alnus incana) woodlands —
were particularly widespread in the common lands,
and were abandoned in the decades between 1850
and 1950. The main causes for abandonment were
the progressive abolition of local rights on common
land and the development of ‘improvement’ poli-
cies sustained by the emerging agronomic disci-
plines in favour of intensive livestock production
and modern forestry management. However,
though forgotten, these systems have left a diverse
environmental legacy, both in the current composi-
tion and structure of woodlands (relict pollarded
and/or shredded trees (pollarding being the
removal of branches at a certain height above
ground and shredding being the repeated removal
of all side branches leaving the main stem and top
growth), repeatedly coppiced stumps, vegetal
hedges used for the protection of temporary crops,
etc.), in the soils (microcharcoals), and in the pres-
ent biodiversity of the sites (e.g. presence of non-
woody species and persistence of Alnus incana in
these valleys). Similar alder-based farming systems
are still widespread throughout the Himalayas
(though the systems have been discouraged by
governments since the 1960s owing to the ‘envi-
ronmental degradation’ as a result of swidden agri-
culture, see Gros 2014) and now included in the
proposed Globally Important Agricultural Heritage
System (GIAHS; Koohafkan and Altieri 2017).

Archaeological and textual evidence has
revealed that locally controlled fire practices, such
as those in the ronco system, entail complex cycles
with precise historical chronologies embedded
within specific topographical systems of rights of
use (Beltrametti etal. 2014). The experimental
reconstruction and reintroduction of controlled
fire practices could be a means to maintain the his-
torically grown and anthropogenically determined
biodiversity (Burgi et al. 2013) and to preserve and
reactivate the rich heritage and traditional knowl-
edge which characterise the specific wood and
wood pasture management in the Apennines
(Cevasco and Moreno 2015).
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Conclusions and outlook

Today's forests are shaped by the long-term inter-re-
lationship between developing societal and politi-
cal needs, the resulting impact on forest ecosys-
tems, and the legacy effects of former natural and
anthropogenic processes (Burgi et al. 2017). The six
case studies presented show the diversity of past
forest uses in a broader European perspective; this
perspective has developed in accordance with the
potential of local forests to provide resources, rang-
ing from acorns for pig pasture to bark for human
nutrition, and to the specific fertilising ability of
alder trees. Uses were not only determined by sup-
ply and demand, but the demand put upon the for-
ests was modified by specific local legal restrictions
and ownership, which for example led to forests
being dedicated as game parks and hunting
grounds in feudal societies or forest being shaped
by long-term industrial activities. All these factors
change over time, and what we call legacy effects
in ecosystems contribute greatly to the cultural her-
itage of European forests — including values, such
as high biodiversity or resilience of forest ecosys-
tems. As illustrated by case studies 1 and 5, these
values can be threatened by a change from a man-
agement primarily oriented towards local demand
to an orientation towards an international market.

The analysis of the historical roots of today’s
forest ecosystems reveals two specific challenges
for the future. The first challenge is to understand,
value, and protect the biocultural heritage of for-
ests. More historical research is needed to disentan-
gle the complex relationship between people and
forest over time, and particularly in such a way to
encourage collaboration between researchers in
different fields such as archaeology, ecology, and
history (Agnoletti and Andersson 2000; Honnay
et al. 2004). The second challenge is to use histori-
cal knowledge as an inspiration and guideline for
future multiple-use oriented forest management
systems (Swetnam et al. 1999). This is an even more
complex task owing to the broad variation in the
forest history of Europe and the always-existing
mix of natural dynamics and anthropogenic influ-
ence over forest ecosystems.

To develop a site and history specific forest
management, we suggest therefore a step-wise
approach: (1) clarify the history of the area in ques-
tion based on existing research or new, targeted
analysis; (2) analyse the historical range of variabil-

ity of the area including both natural and anthro-
pogenic changes over time; (3) set up targets for
restoration and management which take into con-
sideration these historical aspects and especially
the past multifunctionality of landscapes and the
cultural legacy; and (4) make sure that manage-
ment plans for the future integrate local demand
and the history of land-use management as part of
the site-specific bio-cultural heritage.
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Fig. B2.7. Larch - “Wytweide”, pasture system in Volleges, Le Biolley sur chemin in southwestern Switzerland (Valais).
The “carpet-like” gras is typical for these historical pastures in mountain forests (Photo: Franz Fankhauser, 1919
Archive WSL)
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This chapter investigates how policies governing integrative and segregative nature protection in forests
have evolved at the international and European level. It also reviews the design and implementation of
these policies in different national and sub-national contexts. The chapter compiles the available evi-
dence from different policy levels and across various European countries. Based on this, it identifies the
institutional determinants of an effective and integrated provision of production and conservation
objectives in forest management: forest ownership structure (private vs. public), socio-economic and
policy priorities of the forest sector (socio-economic vs. socio-ecological vs. multifunctional), and type of

the political system (federal vs. central state).

Governing the forest biodiversity nexus
at the global level

There is no single institutional locus for providing a
policy framework and guidance on how to sustain-
ably manage and conserve forest ecosystems avail-
able at the global level. Biodiversity and nature
conservation aspects of a sustainable use of forests
are governed through legally-binding multilateral
United Nations (UN) conventions on ‘global envi-
ronmental commons’ which are expected to help
achieving the broader and forest-specific Sustaina-
ble Development Goals (SDGs) formulated under
the UN Global Agenda 2030. They mainly include
the Convention of Biological Diversity (CBD) and

Fig. B3.1. This mosaic landscape in a mountain area is a
showcase for the variety of ecosystem services produced
within a limited area. Wood production, protection
against natural hazards, biodiversity, forest pastures and
agricultural areas result in an attractive landscape with
high value for recreation. Planning of all of these
requested goods and services ask for a holistic view
across compartments and sectors. Example from the
Simmental, near Zweisimmen, Switzerland (Photo:
Andreas Rigling).

the UN Framework Convention on Climate Change
(UNFCCC). Non-legally binding international forest
policy under the UN (UN Forum on Forests, UNFF
and the International Arrangement on Forests, IAF)
and economic and trade-focused international pol-
icies (International Tropical Timber Agreement,
ITTA and Forest Law Enforcement, Governance and
Trade, FLEGT) provide another important founda-
tion for global action at the forest biodiversity
nexus. International forest certification standards
that have emerged from private initiative to
increase market transparency are a further relevant
aspect of global forest governance (Rayner et al.
2010; Sotirov et al. 2020).

The International Arrangement on Forests (IAF)

Following the 1992 United Nations Conference on
Environment and Development (UNCED) and the
repeated failures to agree on a Global Forest Con-
vention (Dimitrov 2005), the so-called ‘Interna-
tional Arrangement on Forests’ (IAF) has devel-
oped. It consists of several sub-elements that are
based on international soft law on forests. In the
early stage, countries participating in the UNCED
adopted two documents directly related to forests:
the ‘Non-Legally Binding Authoritative Statement
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of Principles for a Global Consensus on the Man-
agement, Conservation and Sustainable Develop-
ment of All Types of Forests’ (known as the ‘Forest
Principles’), and Chapter 11 (‘Combating Deforesta-
tion’) of the Agenda 21. The latter highlighted for-
est loss as a recognised concern, but contained no
goals committing national countries to its reversal
(Rayner etal. 2010). In 2007, the participating
countries adopted the UN Non-Legally Binding
Instrument on all types of forests (NLBI) which was
renamed as the United Nations Forest Instrument
(UNFI) in 2015. In 2017, the UN Strategic Plan for
Forests 2030 (UNSPF) was adopted. The main policy
aim of the IAF - as specified in the ‘Forest Princi-
ples’, NLBI/UNFI, and UNSPF - refers to strengthen-
ing political commitment and action at all levels to
effectively implement Sustainable Forest Manage-
ment (SFM) for all types of forests.

The IAF recommends countries, on a voluntary
basis, to present national implementation progress
reports towards SFM, and suggests the elaboration
and implementation of National Forest Pro-
grammes (NFPs) that strive to render forest policy
decision-making participatory, more rational, more
oriented to the long term, and better coordinated
across sectors (Sotirov et al. 2020), as well as the
development and application of criteria and indica-
tors (C&I) for SFM. In this context, regional pro-
cesses of C&l for SFM have flourished.

The Convention on Biological Diversity (CBD)

The CBD is an international environmental legally
binding treaty agreed by national governments
that entered into force in 1993. It stipulates a com-
prehensive approach towards the preservation
and use of biological diversity, which is further
substantiated by decisions of the Conference of
the Parties (COP) to the CBD, such as the 2020 Aichi
Biodiversity Strategic Goals and Targets (CBD
2010).

The CBD’s main impact results from legal-
ly-binding goals without compliance mechanisms
that are taken up, and implemented respectively, in
national policies by signatory states (Umhauer and
Sotirov 2019). National biodiversity strategies,
plans, or programmes (NBSAPs) and the programme
of work (POW) on forest biological diversity are the
main CBD policy tools concerning forests. Their
impact depends greatly on how far they are inte-
grated into other policy sectors (e.g. forestry, agri-
culture) and across sectors (e.g. sustainable devel-
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opment), and facilitated by consultative mechanisms
for implementation, monitoring, evaluation, and
periodic revision (CBD 2002).

However, a review of actions towards imple-
menting the NBSAP (UNEP 2018), the main CBD
instrument, shows that by the deadline of Decem-
ber 2015, almost half of all parties had not submit-
ted their post-2010 NBSAP at all or did submit
NBSAP, but without consideration of the 2020 Aichi
Targets according to the new Strategic Plan for Bio-
diversity (CBD 2010).

Forest sustainability certification

Sustainability certification of forest management,
later to also include sustainability certification of
timber supply chains, has emerged since the 1990s.
It is a supply-side, non-state market-based instru-
ment for ensuring SFM at the management unit
level and resulted from a cooperation between
environmental NGOs, forest-based industries, and
scientists, often supported by distinct national gov-
ernments. It builds on third-party auditing against
private stipulations consisting of SFM standards,
principles and C&I, and a corresponding labelling
of economic operators. The auditing is carried out
by experts accredited by the non-state rule-setting
organisation, and, depending on the scheme, the
labelling provides access to ecologically sensitive
consumer markets in developed countries (e.g.
Europe) implying improved firm reputation, a social
license to operate granted by NGOs, and possibly
even price premiums (Cashore 2002; Rametsteiner
and Simula 2003).

Two main approaches to forest certification
have emerged globally. The Forest Stewardship
Council (FSC) was introduced first (Auld et al. 2008).
Although the forest industry was included in the
definition of its standards, the decision-making
power it granted to social and environmental inter-
ests were seen as a threat by many forest producers
(Cashore et al. 2004). Consequently, the Programme
for the Endorsement of Forest Certification — ini-
tially named ‘Pan European Forest Certification’ —
(PEFC) was initiated mainly by forest owner associ-
ations. The FSC generally has more stringent
environmental requirements and restricts certain
economic activities, such as, e.g. the use of geneti-
cally modified organisms, which are permitted by
PEFC schemes. However, significant variations in
national standards and implementation practices
within the FSC and PEFC programmes makes com-
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parisons difficult without accounting for these dif-
ferences (Clark and Kozar 2011). The impact of for-
est certification on forest biodiversity remains
somewhat unclear, as a systematic scientific evalua-
tion of such effects is lacking (Visseren-Hamakers
and Pattberg 2013).

Governing the forest biodiversity nexus
in Europe

Governing sustainable forest management and
forest biodiversity through Pan-European policies
At the pan-European level (that includes the EU
countries and further European states, including
Russia) the Ministerial Conference on the Protec-
tion of Forests in Europe (MCPFE), later renamed
FOREST EUROPE, has significantly contributed to
the definition of SFM through resolutions and sets
of criteria (including Criterion 4 on Maintenance,
Conservation and Appropriate Enhancement of
Biological Diversity in Forest Ecosystems) and indi-
cators, about which the member countries have to
report periodically (Pulzl and Hogl 2013).

The signatory countries inter alia reported
about the policy mix applied to promote biodiversi-
ty-related management in forests (Forest Europe
2015). According to these reports, regulatory
instruments play an essential role, inter alia through
the EU’s biodiversity policy and, specifically, the
EU’s nature directives (Birds and Habitats Direc-
tives), which are considered to be the most impor-
tant trigger for policy and legal changes at the
national level in EU countries. At the same time,
and as reported by the countries, specific refer-
ences to the implementation of commitments in
relation to the CBD, the UNFCCC, or the UNFI are
scarce (Forest Europe 2015). Grants or subsidies are
the most commonly reported financial instruments
employed, mostly for forest biodiversity, i.e. pro-
tected areas. Financial support is also directed
towards forest inventories, management planning,
and the protection of soil and water. Informational
instruments, such as monitoring, education, and
advisory services are also widely applied across all
reporting countries to integrate environmental
objectives into SFM.

Data from 17 signatory countries in Europe
about their total allocations of public expenditure
across the six criteria for SFM (Forest Europe 2015)
indicate that, on average, around 10 % of all funds

are allocated each to health and vitality, biodiver-
sity and socio-economic functions of forests. The
countries indicate very different priorities, though.

Governing the forest biodiversity nexus through
EU nature protection regulatory policies

At present, there is no overarching, cohesive or
binding policy regime for forest management at
the European Union (EU) level. The non-binding EU
Forestry Strategy (EC 2013) and the EU Forest
Action Plan (EC 2006) aim to improve the coordina-
tion of EU forest policy through the proposal of
forest-related activities.

The two cornerstones of EU nature conserva-
tion policy are the EU Birds Directive (EU 2009) and
the EU Habitats Directive (CEC 1992). The key
instrument to meet their biodiversity conservation
objectives is the establishment and management of
an EU-wide network of special protection areas
(SPAs) and special areas of conservation (SACs),
called Natura 2000. While strict reserves are
included, the larger part of Natura 2000 sites are
managed sites. Over half of all Natura 2000 sites
are forest areas, accounting for 23 % of the total
forest area of the EU-28 (Sotirov 2017). In 2015, the
European Commission published a ‘Natura 2000
and Forests’ guideline (EC 2015). It is one of the lat-
est examples of a (‘soft law’) governance process
geared towards the integration between nature
conservation and forestry.

Another crucial component of the EU nature
conservation policy was the EU 2020 Biodiversity
Strategy. It suggested a mix of measures such as
conservation and restoration of forest habitats and
species, integration of biodiversity concerns into
forest management plans, and funding and moni-
toring to improve biodiversity through SFM (EC
2011). However, the 2015 Mid-Term Review of the
EU Biodiversity Strategy to 2020 found no signifi-
cant progress. Comparing these assessments with
that of the previous State of Nature report for the
period 2001-2006 reveals that while there is some
improvement in knowledge about the conserva-
tion status of forest habitats and species, the per-
centage of forest habitat types assessed as having
‘unfavourable’ conservation status is even higher
than before (80 % as compared to 63 %) (EEA 2015).
One reason for this might be ineffectiveness of con-
servation policy through cross-sectoral policy inco-
herence and corresponding implementation chal-
lenges that can be identified in almost all EU-28

65



How to balance forestry and biodiversity conservation —

A view across Europe

countries. The domestic implementation of the
integrative approach of the Natura 2000 network
of conservation sites (for habitats and species con-
servation) proved to be a lengthy and politically
controversial process (Sotirov etal. 2017). The
transposition into national law and the establish-
ment of the network of Natura 2000 sites were
often substantially delayed or misdirected, which
triggered corrective enforcement actions through
EU institutions in line with the legal provisions. In
many EU member states, Natura 2000 management
plans are typically worded rather vaguely or remain
non-mandatory for the majority of forest owners
(Winter et al. 2014). Effective management of Nat-
ura 2000 sites in forests is often compromised when
no funding or only limited financial support is
made available (Geitzenauer et al. 2016), or when
nature conservation objectives threaten to contra-
dict economic objectives of forestry practices (Weiss
et al. 2017b; Winkel et al. 2015).

To address these concerns, and in the frame-
work of the EU Green Deal policy, the new EU Bio-
diversity Strategy, adopted in May 2020, sets out
three key objectives that need to be reached until
2030: (i) to legally protect at least 30 % of EU land
area (an extra 4 % for land as compared to today)
and integrate ecological corridors, as part of a true
Trans-European Nature Network; (ii) to strictly pro-
tect at least a third of the EU’s protected areas
(representing 10% of EU land), including all
remaining EU primary and old-growth forests; and
to (iii) effectively manage all protected areas,
defining clear conservation objectives and meas-
ures, and monitoring them appropriately. Designa-
tions should help to complete the Natura 2000 net-
work or national protection schemes. As part of its
new EU Nature Restoration Plan, the Biodiversity
Strategy demands further that the share of forest
areas covered by management plans should cover
all managed public forests and an increased num-
ber of private forests, and biodiversity-friendly
practices such as closer-to-nature-forestry should
continue and be further developed. To support
this, the Commission will develop guidelines on
biodiversity-friendly afforestation and reforesta-
tion and closer-to-nature-forestry practices. This
will be done in parallel with the adoption of the
new EU Forest Strategy in 2021 (EC 2020).
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Governing the forest biodiversity nexus through
EU rural development funding policies

Beyond the project-based EU funding scheme
under the LIFE+ instrument for the environment,
the majority of the potentially available EU-level
funding for nature conservation is provided by the
EU Rural Development Policy (RDP). Following an
integrated approach, the RDP funds should com-
pensate landowners and forest managers for the
costs associated with the implementation of con-
servation measures in the designated Natura 2000
sites in (managed) forests. Yet, research shows that
different factors related to implementation (par-
ticularly the short time-horizon for planning and
monitoring) prevents the use of these funding
opportunities for biodiversity conservation (de
Buren et al. 2016), and moreover, countries tend to
prioritize competitiveness of the agricultural and
forest sectors rather than biodiversity conservation
in their allocation of the available resources
(Geitzenauer et al. 2017; Sarvasova et al. 2017; Sar-
vasova etal. 2018; Weiss etal. 2017a). No data
exists, however, to quantify the biodiversity effects
of forest management practices supported by EU
rural development funds (Alliance Environment
2017). This situation results in a funding gap that is
not filled sufficiently by national or alternative
funding sources and existing funds. For the EU pro-
gramming period 2014-2020, there are two rele-
vant financial measures from RDP available: one
specifically for Natura 2000 forest areas (M12.2)
and another more general one for forest protec-
tion and the provision of forest ecosystem services
(M15). However, by the end of 2017 M12.2 had
been chosen to be implemented in only 10 Member
States (Weiss et al. 2017a). There are also problems
in defining the baseline forest management
requirements (above which compensation pay-
ments are calculated) making implementation even
more difficult (Alliance Environment 2017). Hence,
the effectiveness and efficiency of EU rural devel-
opment funding in terms of supporting an inte-
grated approach towards forest biodiversity con-
servation remains a challenging endeavour
(Sarvasova et al. 2017)

Governing the forest biodiversity nexus through
the national level

The previous section suggests that the implementa-
tion of biodiversity conservation measures in forest
management depends on several conditions at the
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Tab. B3.1. Regional patterns of forest management and policy across Europe (adapted after Glick 1994; Kankaanpaa
and Carter 2004; Rametsteiner et al. 2008; Volz 2002; Winkel et al. 2011, pp. 366-367).

Policy Sustainable Timber Multiple Service Forestry Ecosystem Management

paradigm Production

Goal Focus on periodic Focus on periodic yields in terms of ~ Focus on ecological improvement or

timber yields timber and other forest services maintenance of forests
Regional patterns

Regions Northern Western, Central Western Southern Western

(selected Europe and Eastern Europe Europe Europe Europe

countries

distributed Sweden Parts of France United Kingdom Parts of Portugal Belgium

approximately)  Finland Croatia Germany Parts of France and Spain The Netherlands

Estonia Romania Switzerland Parts of Spain Italy Luxembourg
Austria and Portugal Greece

Fores? area Large Medium Small Medium Small

(relative share)

Economic

importance Great Moderate Little Little Little

forest sector

Key services Wood Wood Wood Different forest Nature

of forest production production production products conservation

ecosystems (e.g. game, and recreation

for society Other services Other services Other services fuelwood) Wood
(recreation, biodiver- (recreation, (recreation, Other forest production

biodiversity) partly
integrated in
sustainable forest
management,
partly in protected
areas

sity) mostly in
protected areas

services (e.g. soil
and water
protection)

biodiversity) or
products also
important
Semi-natural
forests for
recreation and
biodiversity

national and regional level, such as different eco-
logical (climatic, topography, vegetation) condi-
tions, different forest policy priorities and socio-eco-
nomic developments, forest ownership structures,
and forest management traditions (Schulz et al.
2014; Winkel et al. 2011; Winkel and Sotirov 2016).
National and even sub-national forest policy frame-
works evolved over decades and different variants
of an SFM paradigm have been formulated in
domestic forest law and reinforced in national for-
est strategies to meet the variety of increasing and
often competing societal demands towards the for-
est. SFM, which is often put on equal footing with
the paradigm of ‘Multifunctional Forestry’ (MFF),
also known as ‘Multi-Purpose’, ‘Multifunctional’ or
‘Multiple Services' Forestry (Borrass etal. 2017;
Wiersum 1995; Winkel et al. 2011) is the key man-
agement and behavioural principle at the opera-
tional level in forestry practice (MCPFE 1993).

Integration of biodiversity conservation into
forest management within different forest
management traditions

Table B3.1 illustrates the important variety in the
understandings of those forest policy paradigms
amongst the different regions of Europe, which can
be characterised by a ‘segregation-integration’
continuum. The first approach towards forest bio-
diversity in the 1980s followed a segregative para-
digm: forest areas were taken out of utilisation
(Bennett 2015). In some European countries adher-
ing to the ‘sustainable timber production tradition’
(e.g. parts of France, Ireland, Lithuania, Latvia,
Sweden, Finland), this is still the dominant
approach.

In many other countries, however, the main pol-
icy paradigm is to strive for the combined delivery
of economic functions of forestry (e.g. timber pro-
duction) and nature conservation within the same
forest areas (spatial integration). Yet, segregation
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also plays a role in these countries. For instance, the
German federal biodiversity strategy of 2007 aims,
next to integrated forest management, at setting
aside of 5% of all forests as strict nature reserves.
This goal is heavily debated between nature con-
servation and forestry experts (Umhauer and Soti-
rov 2019) and also not accepted at some sub-na-
tional contexts (e.g. in Bavaria), where a strongly
integrative approach is emphasised partially in
opposition to segregative nature conservation (Sot-
irov and Storch 2018). Such integrative forest man-
agement concepts have been elaborated since the
1990s, i.e. even before the implementation of the
Natura 2000 programme, particularly but of course
not exclusively in these contexts (Borrass 2014; Bor-
rass et al. 2017). They are gradually becoming more
and more elaborated (compare Selzer 2018, for
state forest concepts in Germany) and are also com-
bined with corresponding financial support instru-
ments for the private forest (compare for example
Heilingbrunner et al. 2013, for a description of the
Austrian Forest Ecology Program). Chapters B10
(Hoéltermann) and B 11 (de Sassi et al.) and Box B 1
in this book provide a detailed account of the
respective national forest biodiversity provision
and strategies, particularly for Switzerland and
Germany.

In the Netherlands, which is rather an example
of the ‘ecosystem services management’ tradition,
most of the forest area lies within Natura 2000 pro-
tection sites or is part of the National Ecological
Network. This implies a strong commitment to an
integrated forest management approach that
emphasizes natural processes, biodiversity conser-
vation and the ‘beauty’ of the forested landscape
(Sotirov and Storch 2018).

More recently, ‘Integrated Forest Management’
(IFM) has been promoted as a promising approach
to help integrate and find a balance between pro-
duction and conservation aspects in forest manage-
ment at different management levels, e.g. land-
scapes, forest stands, or single trees (Aggestam
et al. 2020; Kraus and Krumm 2013; Lazdinis et al.
2019; Sotirov and Arts 2018). There is no common
or shared definition about these scales, and, de
facto, integrative forest policy principles are fre-
quently implemented through segregating forest
uses at the forest management level. Examples
include the establishment of spatial and functional
‘forest groups’ of biodiversity conservation and
water protection in Lithuania (Hinterseer et al.
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2014), the extension of forest protected areas in
Bulgaria and Slovakia, and also economically-ori-
ented forestry practices or the separation of com-
mercial forest managed for timber production from
biodiversity hotspots in Bulgaria, France, Slovakia,
and Sweden (Brodrechtova et al. 2018; Brukas et al.
2018; Deuffic etal. 2018). Likewise, Hautdidier
et al. (2018) demonstrate that private forest own-
ers, public forest managers and local forest indus-
tries in southwestern France (Landes de Gascogne)
support Pinus pinaster monocultures as part of a
cultivated, multifunctional and integrated forest
landscape in a shared conviction that timber pro-
duction is essential for and should be able to pay
for a variety of environmental and social forest eco-
system services (biodiversity conservation, climate
change mitigation, hiking, mushroom picking).

Implementation success and problems

An examination of best-practice examples from the
Natura 2000 context (Sotirov etal. 2017) reveals
that successful implementation is fostered by the
involvement of and cooperation with various stake-
holders, landowners, and forest managers, as well
as the coordination between public agencies and
other state organisations. The importance of a par-
ticipative and inclusive approach is also confirmed
elsewhere (Blondet et al. 2017).

Yet, it needs to be emphasised that the imple-
mentation of Natura 2000 is connected to several
challenges (Winkel et al. 2015), ranging from trade-
offs with wood production to conflicts related to
forest management paradigms (sustainable wood
production or conservation) or climate change
impacts, and which significantly compromise the
conservation effectiveness of the policy (Winter
etal. 2014). Good examples of forest species man-
agement are mainly driven by conservationists’
interest or arise from ‘win-win’ situations, in which
species conservation depends on more open habi-
tats that can be provided by timber production and
may additionally be supported by compensation
payments. Further, the most successful examples of
Natura 2000 forest habitat management can be
found in non-commercially managed public forests,
which are ecologically valuable (Sotirov et al. 2017).

Beyond these best-practice examples, it still
heavily depends on the previous forest manage-
ment paradigm, whether or not forest biodiversity
can be implemented by combining segregative and
integrative approaches. Sergent et al. (2018) and
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Sotirov and Storch (2018) show that even though
multiple services forestry is a primary forest policy
objective in countries such as France, Germany, Ire-
land, Sweden, and Portugal, policy and manage-
ment practice puts a main priority towards wood
production, and environmental policy objectives
(and biodiversity conservation in particular) are still
frequently considered as a constraint or even threat
to (production-oriented) management practices in
managed forests.

Accordingly, it cannot be taken for granted
that policy objectives geared towards multifunc-
tionality and the integration of biodiversity conser-
vation in forest management are implemented in
forest management practices on the ground. While
financial incentives are important for a large share
of the forest owners for participating in biodiver-
sity programs, a large minority cannot be particu-
larly motivated by compensation payments (Boon
et al. 2010). Deuffic et al. (2018) report that the 228
forest owners interviewed in 10 countries (Bulgaria,
France, Germany, Ireland, Italy, Lithuania, the Neth-
erlands, Portugal, Slovakia, and Sweden) adopt
more easily those forest and forest-relevant poli-
cies, which support or enable their own manage-
ment objectives and practices, and tend to reshape
or ignore the remaining rules, norms and incen-
tives. They also diagnose a division among private
forest owners in the countries under study: while
about 40 % of them are opposed to EU and national
policies for the conservation of forest habitats and
species under the Natura 2000 network of pro-
tected areas, about 20 % trust in the success of inte-
grating both timber production and biodiversity
conservation. Although Maier and Winkel (2017),
Sotirov etal. (2017) and Joa and Schraml (2020)
find strong support for the more general idea of
(integrated) biodiversity conservation amongst
German public forest managers and non-state For-
est Biodiversity respectively, they also establish that
the corresponding conceptions can differ very
much (compare also Cosyns et al. 2020) which can
be an indication for challenges in implementation.
For the diffusion of biodiversity conservation
efforts, the local advisors (Korhonen et al. 2013)
and local cooperative groups of forest owners (Her-
zele and Aarts, 2013) are supposed to be key, while
scarce resources and wood production targets can
be key obstacles (Maier and Winkel 2017).

Conclusion

This chapter has elaborated on the structure and
integration of norms, rules, and practices regarding
forest biodiversity conservation at different levels.
fig. B3.2 provides an overview over the legal provi-
sions and policy instruments, implementation strat-
egies and voluntary concepts that have been or
usually are put forward at different levels of gov-
ernment within different contexts. While impor-
tant impulses were given at the international, par-
ticularly the EU-level, by nature conservation policy
(EU Birds and Habitats Directives/Natura 2000),
there is also a history of integrative forest manage-
ment concepts that have emerged more from
within the forest sector, partially in response to
external pressure (Borrass et al. 2017). Such con-
cepts are growing in number and quality, and are
increasingly based on a mix of instruments and
implementation strategies. Whether the overall
Forest Biodiversity strategy in a country relies on an
integrated forest management approach or rather
follows a more segregative approach very much
depends on the particular interpretation of SFM in
the country, which is again linked to factors such as
the economic importance of the forest sector, for-
est policy priorities, and the forest ownership struc-
ture.

Of all the international rules and guidelines
mentioned, the EU’s nature directives have most
prominently and effectively shaped forest biodiver-
sity provisions in EU member states. They have
either initiated new or fuelled already existing for-
est biodiversity strategies and concepts that are rel-
evant also beyond Natura 2000 sites. Depending on
the political system in which forest policy in a coun-
try is embedded, forest biodiversity strategies are
developed either at the national or the sub-na-
tional level. They are often developed in coopera-
tion with actors from the public forest and they
vary with respect to the ambition of objectives they
formulate for a selection of more integrative (such
as habitat trees) as well as more segregative (such
as nature forest reserves) management options,
including historical management forms and ‘sparse
forest’, for example. They also are likely to be more
or less comprehensive, e.g. by emphasising the spa-
tial distribution and network character of pro-
tected areas and objects.

Beyond the public forest, however, a key aspect
of successful integration is — next to the general
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Fig. B3.2. Regulation, strategies, and concepts supporting forest biodiversity at different levels by integrating agri-
cultural, forest and nature conservation policies (ignoring further relevant policy fields, such as water, recreation, etc.).

interest and support by private landowners — the
design of compensation schemes. Financial support
under Natura 2000 is largely dependent on the
availability and use of EU financial resources ear-
marked for support in agriculture and rural areas.
This dependence can create competition and goal
conflicts between agricultural, biodiversity, and
forestry objectives resulting in a lack of, or non-use
of funding opportunities for forest biodiversity.
Economically motivated private forest owners are
more likely to participate if, on the one hand, the
duration of the contract is not too long and thus
allows for periodic adaptations and if, on the other
hand, the contracts can be expected to be extended
in a possibly amended form as there exists a com-
mitment to fund the general programme in the
long term (Kownatzki etal. 2017). Particularly
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more segregative approaches need a longer
time-horizon, and thus legal protection securing
management restrictions beyond owner changes
are essential in that realm. What could also increase
acceptance among forest owners are more
results-oriented compensation schemes, which are
at least Strategy contingent on frequencies of spe-
cies appearing in the forest after the implementa-
tion of a measure (Franz et al. 2018a). The stand-
ard approachisstill to compensate for management
restrictions implemented, though. In any case,
however, sufficient capacities and favourable
organisational structures at the sub-national level
are usually supportive of a closer coordination
between nature conservation and forest actors in
designing innovative instruments that are better
embraced by the addressees.
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Nature conservation integrated into forest policy in federal states: Switzerland, Germany, and
Austria compared (Tobias Schulz and Hannes Cosyns)

In federal states, the implementation of forest biodiver-
sity conservation measures is usually subject to negotia-
tions and interactions between different policy levels.
While in Germany, the single states (and the state forest
enterprises) are responsible for setting up their own for-
est biodiversity conservation policies, in Austria it is the
federal level (as well as the federal forest enterprise) that
decides about the forest biodiversity programme. In
Switzerland, competences are shared between the can-
tons and the federal state. However, in all countries, for-
est biodiversity conservation policy has been accelerated
at least partially by an impulse ‘from above’, and related
responses from the subnational levels ‘from below':

Germany

The German national forest policy is limited to a frame-
work that grants much discretion with respect to forest
biodiversity conservation to the German states. Since the
1980s, the states have gradually developed their own
forest biodiversity rules (Borrass et al. 2017). Many of
the German states own a large share of the forest area
(from about 15% to up to 50 %), and not least due to
the legal ‘common welfare’ obligation of the state for-
est organisations (Rehbinder 2019), forest biodiversity
concepts were developed for the state forest, often in
connection to close-to-nature forestry concepts - the lat-
ter also have strong roots in private forestry in Germany.
These concepts also became relevant for the implemen-
tation of EU biodiversity policy (Borrass et al. 2015; Soti-
rov and Arts 2018), and have in response to legal, policy,
and public pressure — and progress in research — devel-
oped further in the last decade (Petereit et al. 2019; Sel-
zer 2018). While these state forest biodiversity concepts
are binding, it turns out that district forester’s personal
priorities as well as temporal and financial restrictions
can constrain implementation considerably (Maier and
Winkel 2019). For the private and also for the so-called
‘corporation forest’ (forest owned by municipalities,
churches etc.), the German federal states have initiated
their own contractual nature conservation programs
(Franz et al. 2018b) that often build on the existing rules
for the state forest but have been adopted to better suit
the private forest. The respective means are usually
shared by funding from the EU regional development
fund and a contribution of the sub-national level
(Demant 2018; Franz et al. 2018b), although some states
have decided to abstain from EU co-funding, inter alia as
the rules for implementation and enforcement are not
seen as being adapted to the peculiarities of the forest
(de Buren et al. 2016).

Switzerland
Switzerland'’s forest policy has always been rather decen-
tralised. Accordingly, programs to promote forest biodi-

versity had been developed quite early by some cantons.
As private forests account for about 30 % of the forest
surface and those owned by municipalities, corporations
and, civic communities for about 60 %, policy design can-
not rely on the expertise of large state forest enterprises
as in Germany. With the integration of the national for-
est administration into the national nature conservation
administration, the capacities for forest biodiversity con-
servation have been strengthened at that level. A large
participatory process to elaborate the Swiss Forest Pro-
gramme in 2004 had resulted in a first draft of close-to-
nature forestry rules (Kaufmann et al. 2010) of which
some elements are now part of the federal contractual
forest nature conservation programme. Since 2008 the
latter is co-financed through the national equalisation
program (NFA), which gives the federal level more com-
petences for forest biodiversity, as it requires the formu-
lation of regionally differentiated objectives and imple-
mentation guidelines (Imesch et al. 2015) at the national
level. The final policy design, however, is negotiated
with the cantons in so-called ‘programme agreements’
(Walker and Roose 2016). Accordingly, the canton’s
degree of discretion in choosing their own mix of instru-
ments (which may or may not be based on the canton’s
own forest biodiversity strategy) is relatively high.

Austria

In Austria, the single states (Lander) and even the munic-
ipalities do not own forest and virtually all public forest
belongs to the federal forest enterprise (Osterreichische
Bundesforste, OBf), which is very active in forest biodi-
versity conservation and has elaborated its own guide-
lines (Fischer et al. 2017). However, as about 80 % of the
forest area are privately owned, setting up a support
scheme for forest biodiversity conservation is key. Forest
policy is centrally organised in Austria, while nature con-
servation policy is vested with the states (Hogl and Nord-
beck 2007). Hence, a federal support scheme existed
since 2007 and was based on co-financing by the EU
regional development fund. However, the implementa-
tion of Natura 2000 at the state level, apart from being
highly conflictive (Geitzenauer etal. 2016), revealed
incompatibilities between the requirements of the EU
funding scheme and the needs of the implementing
actors (Jaritz 2011). A strongly participative forest biodi-
versity conservation programme was thus started at the
federal level that introduced innovations for the imple-
mentation and financial support in private forests
(Heilingbrunner et al. 2013). The implementation of the
programme remains challenging, though, and thus
strongly dependent also on the collaboration between
the state nature conservation and state forest adminis-
trations in order to coordinate respective financial sup-
port instruments (Fuchs 2017).
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The future will show how biodiversity conser-
vation in Europe’s forests will develop given dis-
tinct incentives for forest management across the
continent. Assuming that incentives for forest bio-
mass use in support of the bioeconomy will not
decline in the next decades, and, at the same time,
societal preferences for nature conservation will
likely rather increase than decrease, integrated
approaches may be gaining ground across the con-
tinent and may also meet the expectations and
preferences of more and more forest owners and
managers. Yet, their definition and practise will, at
least partially, remain bound to national and even
local contexts, and importantly a substantially sup-
portive policy framework will be needed to ensure
that integrative forest policy goals do indeed trans-
fer into integrative forest management practices.
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Changing forest ownership in Europe has implications for forest management and biodiversity. Drawing
on the results of the European Cooperation in Science and Technology (COST) Action FP1201 FACESMAP
(Forest Land Ownership Change in Europe: Significance for Management and Policy) we present the cur-
rent ownership structures in four European countries: Austria, Germany, Sweden, and Switzerland. These
countries were selected because the proportion of forested land is at least one-third of the total land
area and because they differ in the proportion of forest that is in private ownership. We describe recent
changes in ownership structures and discuss the implications that these changes could have on forest

governance and management with a special focus on biodiversity.

Introduction

Multifunctional forests that provide biodiversity as
well as diverse other services to society (such as
water purification, CO, mitigation, recreation, and
protection against natural hazards) have been
placed at the core of forest policies of many Euro-
pean countries (Forest Europe 2015). In 2019, the
European Commission stipulated through the Euro-
pean Green Deal (EC 2019) that forests need to
improve both in quality and in quantity for the
European Union to reach climate neutrality and a
healthy environment (EC 2019, p.13). The Green
Deal also emphasised the importance of restoring
biodiversity and ecosystem services. Through effec-
tive afforestation and forest preservation, as well
as restoration in Europe, the European Commission

Fig. B4.1. The great variety of forest ownerships across
Europe, from small-scale private to very large-scale
professionally managed properties is a real challenge to
develop common strategies in forest management.
However, the effect that local people take responsibility
and work in their forests contributes to a basic knowl-
edge of society on forestry. The variety of small-scale
management approaches leads to diverse structures that
may promote nature conservation (Photo: Flurina
Rigling, Hedingen).

aims to reach these goals (EC 2019, p.13). These
measures are also, in part, contingent on forest
management, which in turn is dependent on forest
ownership.

In the last three decades, forest ownership has
been changing across Europe (Zivojinovi¢ et al.
2015) as a result of a variety of societal and political
developments, such as structural changes in the
agricultural sector, changes in lifestyles, privatisa-
tion, and restitution (Weiss et al. 2017). The flux in
ownership has led to challenges for forest manage-
ment and, consequently, the provision of forest ser-
vices, and in particular biodiversity. On the one
hand, there is a growing number of new forest
owners, who mainly own small forest areas, live in
urban areas, and lack agricultural or forestry knowl-
edge (Zivojinovi¢ etal. 2015; Weiss etal. 2017).
These new forest owners often lack the motivation
and/or knowledge necessary to actively manage
their forests (Zivojinovi¢ et al. 2015) or have objec-
tives other than economic use of their forests, such
as nature conservation, as is shown in Switzerland.
This may have positive implications for biodiversity
(Walker and Artho 2018). On the other hand, new
private owners are emerging who are willing to
manage the forests, bringing fresh interests, new
management goals (e.g. non-income oriented),
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attitudes (e.g. regarding forest functions), skills
and capacities that have differing impacts on biodi-
versity (Weiss et al. 2017). In this chapter, we just
address one question:

What are the implications of forest ownership

changes for forest and biodiversity governance

and management?
The interactions between changing ownership,
governance and management approaches were
investigated in the European Cooperation in Sci-
ence and Technology (COST) Action FP1201 FAC-
ESMAP (Forest Land Ownership Change in Europe:
Significance for Management and Policy (Zivoji-
novi¢ et al. 2015)
(2012-2016). Drawing on the results of FACESMAP
we present the current ownership structures in four
European countries: Austria, Germany, Sweden,
and Switzerland. These countries were chosen
because the proportion of forested land is at least
30 % of the total land area, and because the pro-
portion of private forest ownership in each of the
countries is different. In this chapter, we describe
the current ownership structures in the selected
countries and the recent changes in ownership
structures, and discuss the implications that these
changes could have on forest governance and man-
agement with a special focus on biodiversity.

Ownership structures in Austria,
Germany, Sweden, and Switzerland

To understand ownership changes in Europe, it is
important to have an overview about the current
ownership structures. Table B4.1 shows a synopsis
of the ownership structure in the selected four
countries.

There is a striking difference between the coun-
tries with a high proportion of privately-owned for-
est and a low proportion of state-owned forest
(Sweden, and especially Austria), and the countries
with a lower proportion of privately-owned forest
and a high proportion of state-owned forest (Ger-
many and Switzerland). We also find that in Swit-
zerland and Germany private forest owners own on
average small forest areas (e.g. 2.5 ha in Germany
and 1.4 ha in Switzerland), resulting in diverging
management philosophies, including a lack of any
management (BMLFUW 2015). In Austria, 40 % of
the private forest owners own less than 3 ha (BMEL
2017). In Germany, the vast majority of private for-

78

est owners own less than 20 ha (Koch and Maier
2015). In Sweden, the average plot owned by pri-
vate forest owners is 47 ha (Swedish Forest Agency
2018). A difference in the forest ownership in Swit-
zerland is that around 2.5 % of the total forest area
is under mixed ownership, meaning that public and
private actors share ownership (Landolt et al. 2015).

Changes in ownership structures

Table B4.2 shows the trends in forest ownership
change, as identified by experts during the FACES-
MAP project. The main trends identified were: (i)
restitution (the return or sale of state forest land to
the original/rightful private owners); (ii) privatisa-
tion of previously state-owned companies); (iii)
changes in forest ownership through transfer of
land ownership; (iv) changes in forest ownership
through change of land use; and (v) changes in for-
est ownership through changing lifestyles, motiva-
tions, and attitudes (Weiss et al. 2017).

Not all trends are equally important for all four
countries selected (Table B4.2). Only the ‘changing
lifestyles, motivations, and attitudes of forest own-
ers’ is a main trend of change across all four coun-
tries. This means that there is a trend towards
increasingly urbanised owners that lack the techni-
cal skills and equipment, as well as time to manage
their forests (Koch and Maier 2015). In Austria,
there is a growing share of ‘new’ or ‘non-agricul-
tural forest owners’ because of structural changes
in the agricultural sector. Since 1960, the share of
farm enterprises has decreased from 400000 to
220000 in 1999 (Weiss et al. 2015). Additionally, the
ratio of two-thirds of Austrian farms being oper-
ated on a full-time basis and one-third being oper-
ated on a part-time basis has reversed (Weiss et al.
2015). Even though there are structural changes
regarding ownership structures in Austria, the mar-
ket for forest land is currently not active (Weiss
et al. 2015). In Germany, privatisation or restitution
of forest land was a main trend after the reunifica-
tion of West and East Germany. This means that in
East German states, state-owned forests were pri-
vatised, resulting in new private forest owners and
more heterogeneous small-scale private forest
ownership (Koch and Maier 2015). However, no fur-
ther data on private ownership changes are availa-
ble. In Sweden, in the last 20 years the total num-
ber of forest owners has decreased by 6 % (Swedish
Forest Agency 2013). However, the main trend
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identified in Sweden is in the increased use of con-
tractors, meaning that private forest owners out-
source forestry operations to reduce the need for
large investments in expensive machinery. It is esti-
mated that between 1993 and 2009, the number of
forestry contractors has increased by 80 % and the
number of employees working for contractors has

increased by 157 % (Lidestav et al. 2015; Haggstrom
etal. 2013). In Switzerland, between 1970 and
2017, the number of private forest owners has
decreased from 260000 to 245720 (a decrease of
5.5%), and the number of public forest owners
decreased from 3900 to 3381 (a decrease of 13.3 %)
(FOEN and FSO 2018).

Table B4.1. Synopsis of current ownership structures in Austria, Germany, Sweden, and Switzerland. Source: Compiled
by authors based on sources provided in the table.

Austria Germany Sweden Switzerland
Total area 8.4 million ha 35.7 million ha 41 million ha 4.1 million ha
Forest area 3.99 million ha 11.4 million ha 28 million ha 1.28 million ha
Forest share (%) 48 % 32% 68 % 31 %

Growing stock
Share in private ownership (incl.

30.4 million m3

121.6 million m3

3.3 billion m3

10 million m3

. . 80 % 48 % 72 % 27 %
private companies)
Share owned by the state (incl. local,
regional, and national governments, 15 % 52 % 22 % 70 %
state-owned companies)
Share of_ other gwnershlps (e_.g. 5 % 0% 6 % 39
foundations, mixed ownership)
Number of private owners 145 000 2 million 327 727 240 000
Average forest area per private forest <3ha <20 ha 47 ha 1.4 ha
owner
Sources BMLEUW (2015) BMEL (2017); Koch Swedish Forest FOEN and FSO

and Maier (2015)

Agency (2018)

(2018)

Table B4.2. Trends in forest ownership. 0 (not relevant); 1 (to some extent); 2 (rather important); 3 (highly important).
*In the case of Sweden, forest owners outsource mechanised forestry operations to contractors to reduce costs.
Source: Compiled based on information from Zivojinovi¢ et al. (2015).

Trends in ownership change Austria Germany Sweden Switzerland
Privatisation, or restitution, 0 2 (in former East 1 0
of forest land Germany) /0 (in

Western Germany)
Privatisation of public forest 1 2 2 0
management
New private forest owners 1 1 1 0
who have bought forests
New forest ownership through 0 1 0 1
afforestation of formerly
agricultural or waste lands
Changing lifestyle, motivations, 3 3 2 3
and attitudes of forest owners
Other trends 3*
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Forest governance and management

Forest governance shapes forest management.
Governance can be understood as a means of steer-
ing and regulating societal behaviour — here specif-
ically in relation to human access, use and impact
on forests (Kooiman 2003). Key dimensions of gov-
ernance include: the degree of state intervention;
the actor’s (e.g. forest owner, manager) role and
responsibility in managing their forest; new
approaches (such as novel tools of communication
and collaboration); and types of forest policy instru-
ments. The degree of state intervention refers to
how much the state frames or influences forest
management. Either the forest owner themself can
assume responsibility for forest management or
they can delegate it to someone else. The types of
policy instruments are differentiated between reg-
ulatory, marked-based, or persuasive instruments.
These instruments can strongly shape forest man-
agement and subsequently the fulfilment of forest
functions. Table B4.3 and Table B4.4 provide an
overview of the degree of state intervention, the
responsibility of the actor, and the current policy
instruments with regard to ownership changes and
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biodiversity promotion in the countries from the
FACESMAP project. Each of the criteria is described
based on a literature review of the sources referred
to in Table B4.3 and Table B4.4. For this project,
each country described forest ownership, forest
management approaches, and the policies influ-
encing ownership. In this context, it is important to
mention that a weakness of both tables, from a
comparative point of view, is that these reports
have not been elaborated in a way that allows strict
comparison of all aspects. The results of this com-
parison have to be carefully interpreted as not all
policy instruments used are stated in the reports
(e.g. subsidies from the EU). The approaches include
private and public forest management initiatives
such as forest owner associations and cooperations
with private owners.

The degree of state intervention in Austria,
Germany, Sweden, and Switzerland varies between
public and private, as well as between large- and
small-forest ownership categories. In Austria, state
intervention in public forests is potentially large,
although these forests are managed by a private
law organisation (Osterreichische Bundesforste AG;
Austrian Federal Forests). Large holdings managing
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In comparison to Austria, Germany, and Swit-
zerland, there is a low degree of state intervention
In Austria, public forests at the national level
are managed by the Austrian Federal Forests SC. At

In Switzerland, in public forest areas larger
in any type of forest ownership in Sweden. In the

In Germany, the degree of state intervention is
large in public forest areas. Managers need to apply
than 2 ha, a high degree of state intervention is

public forest areas larger than 200 ha need to have
a management plan. For public forest areas smaller
than 20 ha and for private forest owners, this is not
compulsory. For forest areas between 20 to 200 ha
the degree of state intervention is unclear. How-
ever, all forest owners are obliged to be a member
of the Chamber of Agriculture (Landwirtschafts-
kammer Osterreich).

pre-defined measures for forest management. For
by the local forest authority. Additionally, they
have to carry out a forest inventory to provide the
basis for harvesting, thinning, and regeneration
measures. These pre-defined measures do not apply

for the upcoming 10 to 20 years, which is approved
to private forests.

found. In these areas, a mandatory forest manage-
ment plan is needed that is approved by the can-

tonal forest authority. The degree of state inter-
vention in private forests is low (e.g. no mandatory

example, they need to have a management plan
management plan is needed).

Swedish forest policy it is stated “freedom under
responsibility”, which means that most things are
advised but not compulsory.

the municipal or province level the community or
province assumes the management. In Germany,
public forests are managed by state owned compa-
nies or forest administrations. These state owned
companies or forest administrations entrust forest
professionals with the management of their for-
ests. In Sweden, a municipal executive board takes
decisions for municipal forests. In Switzerland, pro-
fessional foresters employed by the owner (e.g.
canton, municipality) manage public forests. Pri-
vate forest owners in all countries, on the contrary,
have different strategies. Some private forest own-
ers manage their forests on their own (e.g. Austria,
Germany, Sweden, and Switzerland), others pay
third-party providers or the forest administration
(e.g. farmers, public foresters, private companies)
to manage their forests and do the work (e.g. Aus-
tria, Switzerland, and Sweden) and some do not
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manage their forest at all (e.g. Germany, Switzer-
land). Others choose to join forest owner associa-
tions (e.g. Germany, Sweden, and Switzerland) or
are obliged to join by law (e.g. Austria). These asso-
ciations provide a wide range of forest manage-
ment services.

Consequences for forest management
and forest biodiversity

As known, forests with a high biodiversity are resil-
ient against natural hazards (Thompson etal.
2009). In this context, the degree of state interven-
tion and the management approach used influ-
ences biodiversity and the resilience of forests.
While a high degree of state intervention promotes
the management of forests allowing a more diverse
biodiversity, a low level of state interventions gives
the possibility to prioritise other management
goals (e.g. biodiversity conservation) than wood
production. In the cases investigated, two types of
forest management approaches are used: clearcut
(the dominant approach in Sweden) and close-to-
nature management (Austria, Germany, and Swit-
zerland). While clearcuts can have a positive effect
on biodiversity (increased number of plants and
insects) and the diversity of species (quantitative
increase) in the short term, close-to-nature man-
agement has a positive impact on biodiversity in
the long term (qualitative increase).

Several measures are being used to promote
biodiversity at the EU level (e.g. Austria, Germany,
and Sweden) through the following non-legally
binding guidelines and strategies: Natura 2000 and
Biodiversity Strategy EU. Natura 2000 is enshrined
in the national law of Austria and Germany. Subse-
quently, it is legally binding for both countries.
Additionally, all countries investigated have their
own national biodiversity strategy. The measures
stated in these strategies vary from creation of for-
est reserves to designation of old forested islands.
However, none of these strategies specifically
address private forest owners. Additionally, to the
national measures, there are private initiatives pro-
moting nature conservation in the countries inves-
tigated. The measures vary from acquisition of for-
est land for nature conservation purposes to
campaigns to promote biodiversity in forests. How-
ever, these private initiatives do not specify which
type of forest ownership is addressed. In general, it
is often public forest owners who shoulder the
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responsibility for applying biodiversity measures, as
these forests are mainly managed according to
societal demands.

The number of private forest owners is grow-
ing. These owners and their changing lifestyle,
motivations, and attitudes have implications for
forest management, and consequently for forest
biodiversity (Zivojinovic' et al. 2015). As shown, pri-
vate forest owners of mainly small forested areas
often have limited interest and time, and often lack
the capacity to manage their forests (Landolt et al.
2015; Weiss etal. 2017), as they come from an
urban environment bringing little or no agricul-
tural or forestry knowledge (Zivojinovi¢ et al. 2015).
Consequently, forests are often not managed and
the wood from the forests is underutilised. The
underutilisation of wood affects its industrial use
with implications for the timber and paper indus-
try, as well as for production of wood energy (Weiss
etal. 2015). The lack of management also places
fulfilment of other forest functions at risk (e.g. CO,
sequestration) and the possibility to adapt forest
stands to the effects of climate change (Weiss et al.
2017; Koch and Maier 2015). Both aspects directly
influence biodiversity. The lack of management has
direct consequences on the variation in tree size,
which is an important characteristic for preserva-
tion of biodiversity and habitat (Filyushkina et al.
2018). At least in the short term, the lack of man-
agement leads to darker and more dense forests
with reduced variation in the size of trees. On the
other hand, unmanaged forests often contain more
deadwood, creating valuable habitat for species
that depend on deadwood. Private forest owners
consider biodiversity as important (Lidestav et al.
2015; Walker and Artho 2018). However, the way
they promote biodiversity varies. In Sweden, for
example, private forest owners assign greater value
to preservation of ‘virgin’ forests (Lidestav et al.
2015). Thus, they are willing to stop harvesting
operations in such areas or create nature reserves.
In contrast, in Switzerland private forest owners
have a high intrinsic motivation to manage their
forests for biodiversity (Walker and Artho 2018). In
all countries, having objectives other than wood
production presents challenges to current forestry
practices (2ivojinovic’ et al. 2015; Walker and Artho
2018).

The implications of the changing patterns of
forest ownership, at least for Switzerland, are posi-
tive for other forest functions such as biodiversity,
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groundwater filtration and wood energy, as the
majority of private forest owners prioritise these
goals (Walker and Artho 2018). This does not mean
that the provision of biodiversity from forests is
guaranteed, and it could be that, if private forest
owners stop managing their forests, that these
functions will not be fulfilled in the future. This
development is seen also in other European coun-
tries participating in the COST Action (Zivojinovi¢
et al. 2015). These findings are in line with previous
studies showing that many of the new owners of
small-scale private forest prioritise forest functions
related to the protection of air, water and soil, bio-
diversity, and landscape more than income from
timber and non-timber goods and services (Wier-
sum et al. 2005). However, the outcome of this pri-
oritisation of functions has still to be investigated.

Conclusion and outlook

Forest ownership is changing in Europe and the
changes are influencing the capacity of forests to
provide forest functions (such as biodiversity). The
growing diversity of forest owner types imply a
need for revisions of forest governance and the
resulting management approaches (e.g. forest
owner associations, and the support and manage-
ment services offered to owners) (Weiss et al. 2017).
Additionally, with new management goals of the
new owners (e.g. non-income oriented or environ-
mental goals), new attitudes, other skills, and alter-
native capacities arise (Weiss et al. 2017; Walker and
Artho 2018; Lidestav etal. 2015). Consequently,
new forest governance and management
approaches are required, which can include, for
instance, new types of organisational forms (Weiss
et al. 2017; Landolt et al. 2015). Based on the results
presented, we see a challenge, but also an opportu-
nity with the new goals and attitudes that can
bring innovation for the future: the diversity of
owner types has an impact on forest management
and subsequently on the fulfilment of policy goals
(Weiss et al. 2017). For instance, owners of small-
scale private forest have an intrinsic motivation for
nature preservation and biodiversity. Yet what this
actually means for biodiversity on the ground may
differ between the countries. For instance, in Swe-
den new owners of small private forest plots might
be more likely to take forest out of utilisation than
in Switzerland. However, forest ownership struc-

tures have so far not been intensively investigated
in relation to forest governance and related man-
agement approaches and the ‘real’ effects on for-
ests (impact) especially considering forest biodiver-
sity. Thus, understanding ownership structures, the
logic behind and its effects will help to address cur-
rent challenges (Weiss et al. 2017).
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Fig. B4.3. There are many small-scale private forests that have been inherited; the owners of such forests often use
semi-professional equipment. Such activities on small scales are important for the society to keep knowledge and

dedication on trees and forests alive. Especially children can experience valuable tacit knowledge (Photo: Ulrich
Wasem).
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After revisiting the meaning of bioeconomy, this perspective paper explores the options of the forest
and wood sector to contribute to the bioeconomy through traditional and innovative wood use. Novel
applications such as engineered wood products have a large potential to substitute fossil-energy inten-
sive materials. In this context, environmental assessment methods, and in particular life cycle assessment
combined with material flow analysis, are crucial tools to increase resource efficiency and optimise cas-
cading use and circularity of wood products. However, sustainability also implies input-related impacts
caused by the wood sourcing in the forest. Wood production and harvesting can cause impacts on forest
structure and function, and on other ecosystem services; these need to be addressed through good silvi-
cultural practice. We conclude that sustainable timber production has a large potential to contribute to
the circular bioeconomy when it combines sustainable forest management with sustainable wood con-

version and use.

Definition and interpretation of the
concept ‘Bioeconomy’

Objectives and challenges of the political
strategies for wood

The 'Political Strategy Bioeconomy’ developed by
the European Union in 2012 (EC 2018) aims at sup-
porting the transformation to a renewable, bio-
based, and resource efficient economy, which uses
less or no fossil resources (Box B5.1). The approach
is to meet future social and economic challenges by
decoupling employment and income from resource
use, by managing the industrial structural changes

Metropol Parasol in Sevilla, Spain. Currently the biggest
wooden building of the world. This landmark of Sevilla,
also called “Las Setas” (mushrooms) consists of 3500 m3
of veneerwood from Norway spruce and 700 m3 of steel.
The building is 150 m long, has a width of 70 m and a
height of 28 m (Photo: Holzforschung Minchen, Ralf
Diebold).

Box B5.1. Definition of ‘Bioeconomy’ by the
European Commission (EC 2018, p. 4).

Sustainable and Circular: Bioeconomy the European
way

The bioeconomy covers all sectors and systems that
rely on biological resources (animals, plants, micro-
organisms and derived biomass, including organic
waste), their functions and principles. It includes and
interlinks: land and marine ecosystems and the ser-
vices they provide; all primary production sectors that
use and produce biological resources (agriculture, for-
estry, fisheries and aquaculture); and all economic and
industrial sectors that use biological resources and
processes to produce food, feed, bio-based products,
energy and services." To be successful, the European
bioeconomy needs to have sustainability and circular-
ity at its heart. This will drive the renewal of our indus-
tries, the modernisation of our primary production
systems, the protection of the environment and will
enhance biodiversity.

' Biomedicines and health biotechnology are
excluded.
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Table B5.1. Classification of bioeconomy visions and key characteristics based on scientific research worldwide

(adapted from Bugge et al. 2016, table 7, p.10).

Bio-Technology Vision

Bio-Resource Vision

Bio-Ecology Vision

Aims and Economic growth and job  Economic growth and Sustainability, biodiversity and
objectives creation sustainability conservation of ecosystems
Value Application and commer-  Conversion and upgrading Development of integrated
creation cialisation of bio-resources production systems with high

of biotechnology quality products

(molecular oriented (process oriented) (system oriented)
Drivers and Research councils and Availability of bio-resources,  Favourable organic agro-ecologi-
mediators of funders waste management cal practices, transdisciplinary
innovation sustainability

(Science push, linear
production mode)

(Interactive
production mode)

(Circular and self-sustained
production mode)

Global clusters/
central regions

Spatial focus

Rural/peripheral regions

Rural/peripheral regions

Conceptual focus Technical progress solves

resource scarcity

Cascading as concept
for maximisation of
the resource efficiency

Integration of ‘fair trade’,
participation in discussion and
decision processes

in a socially acceptable manner, and by creating
new development potentials in rural areas.

Wood as a renewable and sustainable resource
for the bioeconomy plays a central role within this
strategy (BMEL 2014; Biodkonomierat 2016; EC
2018). One important goal of the bioeconomy is
mitigation of climate change. The transformation
from fossil-based resources to the utilisation of
wood can contribute a lot to this goal. While the
sectors of agriculture and food are large sources of
greenhouse gas (GHG) emissions, a sustainable for-
est management and wood sector has a large
potential to mitigate GHG emissions by material
and energy substitution and by sequestration and
storage of carbon in forests and wood products
(WBAE/WBW 2016; Nabuurs et al. 2018).

However, Mantau etal. (2010) predicted an
increasing demand for wood in Europe, which will
exceed wood supply for the 2020 and 2030 scenar-
ios, and this could lead to unsustainable use, and
hence, net CO, release. The main driver of the
increased wood demand in recent years has been
the renewable energy directive (RED; Directive
2009/28/EC), which mandated the increased use of
renewable energy in the EU for the period 2009 to
2021, enhancing generally the wood use for energy
services. In their National Renewable Energy Action
Plans (NREAPs) of 2010, many EU member states
counted on woody biomass for more than 50 % of
their renewable energy targets (Muys et al. 2013).
This was motivated on the one hand by the large
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standing stocks of wood built up in Europe since
World War Il, and on the other hand, by the high
investment costs required for other types of renew-
able energy, such as solar and wind. At that time,
energy planners paid insufficient attention to the
fact that it is not standing stock but increment that
is the basic indicator of the sustainable use poten-
tial of the forest; this resulted in downscaling of
bioenergy expectations from the forest (Muys et al.
2014). As a consequence, the peak of energy use by
wood seems to have been reached, and the subsi-
dies for wood energy production will disappear
soon because of the recast RED, while the material
use will increase in the future because of increasing
demands for wood to substitute for fossil-based
and mineral-based products (Mantau et al. 2018).
Therefore, research and development is needed to:
(i) identify for which innovative purposes wood can
be made usable in parallel to the traditional uses;
and (ii) investigate how the quantity and quality of
wood can be extended in a sustainable way with
respect to competitiveness aspects and other forest
ecosystem services. In the following text, we discuss
strategies with a particular focus on Europe and
Germany, but also considering worldwide trends
and visions in some cases.

Worldwide bioeconomy visions

There have been wide-ranging and extensive dis-
cussions about what concepts and measures should
be implemented for a successful bioeconomy. Based
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on an analysis of peer-reviewed papers, Bugge
et al. (2016) distinguished three ‘visions’ of the bio-
economy in relation to economic system types
(Table B5.1).

For the ‘biotechnology vision’ the most impor-
tant goal is economic growth, and new products
are developed using molecular-oriented produc-
tion methods. In this vision, the focus is on solving
the resource scarcity, whereby the bioeconomy
development is driven by clusters of ‘globally-act-
ing’ big businesses in a limited number of regions.
The ‘bio-resource vision’ is also focused on eco-
nomic growth. However, according to this vision,
the process-oriented value chains for the develop-
ment of new bio-based products do not only run
linearly, but are also integrated, cooperating with
other sectors like waste management. Therefore,
the conceptual focus is on strategies, such as cas-
cading, to maximise resource efficiency. New
opportunities that can be implemented in rural
areas are considered. Whereas both the ‘biotech-
nology’ and ‘bio-resource’ visions are focused on
the ‘-economy’ aspect of ‘bioeconomy’, the third
vision is focused on the 'bio-" aspect of the term

with conservation of ecosystems as its main objec-
tive. The basis of the ‘bio-ecology vision’ is a system
integrated ecological management for biodiversity
conservation and provision of multiple ecosystem
services, which can stimulate economic develop-
ment in rural areas.

Bioeconomy strategy of the wood sector

The interpretation of bioeconomy in the forest and
wood sector is quite specific, and combines the
above-mentioned visions. In Germany, for example,
the German Bioeconomy Council (Biobkonomierat
2016) has picked up the topic in the memo "Wood
in the Bioeconomy — Opportunities and Limits’. The
‘Charter for Wood’ (BMEL 2018) has developed a
special action area ‘Potentials of Wood in the Bio-
economy’, which addresses product and process
innovations, both in traditional fields and new
application areas. Additionally, the Charter pre-
sents further action areas for the forest and wood
sector, regarding, for example, construction with
wood, material and energy efficiency, forest and
wood in the society, and research and develop-
ment. Similar issues, but under other terms, have

Box B5.2. The ‘Wooden Age’ from the Middle Ages to the nineteenth century (Hasel 1985, p. 180)
(Photos: Holzforschung Miinchen. Gabriele Weber-Blaschke, Ralf Rosin).

From the Middle Ages to the nineteenth century, wood was a vital resource; thus this time can be termed the
‘Wooden Age’. Wood provided the raw material for the carpenters and coopers (i.e. the people who make barrels
and casks) and was used in many aspects of everyday life: e.g. for construction of buildings like log houses or
half-timbered houses, for engineering like water pipelines, windmills and watermills, wells, bridges, sawmills, forges,

fencing, and agricultural tools.

Sawmill

Water pipelines

Half-timbered
house

Watermill
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also been discussed at the European level (Het-
emaki et al. 2017; Winkel 2017a).

Thus, the term ‘bioeconomy’ is used on the one
hand for specific innovation potentials, and on the
other hand for discussing all implications related to
bioeconomy. Therefore, the next sections of this
chapter focus firstly on wood utilisation driven by
the bioeconomy, followed by its effects on forest
ecosystems and forestry.

Traditional and innovative wood
utilisation

Traditional wood utilisation and wood resources

In fact, the ‘Bioeconomy’ is not a new idea. Forests
and their wood have been used for material appli-
cations and energy purposes since the early stages
of humankind. In particular, the period between
the Middle Ages and the nineteenth century has
been called the ‘'Wooden Age’ (Hasel 1985). During
those times, the use of wood developed in often
innovative ways (Box B5.2). However, since the
Industrial Revolution, the use of wood has been

Paper/Packaging Sector
6% C

Short-lived Products

@ 3 years

Furniture Sector
16% C

Products with
intermediate life
@ 15 years

replaced to an increasing extent by fossil resources
as a material and especially as energy.

Traditional wood utilisation can be classified
into four groups according to the lifespan of the
wood products: (i) long-lived products of the con-
struction sector with a lifespan of around 80 years
or more; (ii) products of the furniture sector with a
lifespan of around 15 years; (iii) short-lived prod-
ucts such as paper and packaging with a lifespan of
around three years; and (iv) energy wood with a
lifespan of around one year (fig. B5.2).

The longer the product lifespan is, the longer
the carbon is stored without release of CO; into the
atmosphere. However, for the climate mitigation
effect of wood products, it is not the storage itself
that is important, but rather the increase of this
storage in wood products, and therefore the
increase of their carbon stocks. Currently, in Bavaria,
Germany, 75 % of all carbon bound in wood prod-
ucts is stored in wooden buildings (Klein and Schulz
2012, fig. B5.2). This fact demonstrates the impor-
tant role of wood products for this sector not only
today, but also in the future. In Europe, 113.6 mil-
lion m3 wood is used annually in long-lived prod-

1 Energy Sector 2% C
Split Wood/Wood Chips/Pellets
@ 1year

Fig. B5.2. Carbon stocks in Bavaria in traditional wood products classified according to their lifespan. Data from Klein
and Schulz 2012 (Photos: Holzforschung Munchen. Ralf. Rosin, Gabriele Weber-Blaschke).
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ucts (fig. B5.3; EASAC 2017 based on Mantau 2012).
Brunet-Navarro etal. (2017) estimated that the
total carbon stock in European (EU-28) wood prod-
ucts was 0.819 Gt C in 2000 and this had already
increased to 1.055Gt C in 2016. This stock is
expected to increase to 1.257 Gt C by 2030. In 2016

the stock was distributed between 62 % in sawn-
wood products, 31% in wood-based panels, and
7 % in paper and paperboard.

Several European countries have explicit tar-
gets for increasing domestic wood production with
the objectives of meeting the increasing demand in

growing stock, total M m? o.b. (including stumps)
21021

$'€€ Ansaio) apnsino poom

total wood import

WOOD IN USE

incineration
13.5

CARBON
SEQUESTRATION IN
WOOD PRODUCTS

uopessanbas
uogies

s i B

Fig. B5.3. Wood use in the European Union in million m? over bark (o.b.) per year (from EASAC 2017, p.8, redrawn

from Mantau 2012).
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Table B5.2. Amounts of wood from the forests in Germany (without bark and residues) as well as percentages of
wood from coniferous and broadleaved species, classified according to the type of utilisation and processing industry.

(Data from DHWR 2016, p. 14).

Amount Coniferous Wood Broadleaved Wood
(million m3) (%) (%)
Total utilisation 76 (100 %) 71 29
Material utilisation Sawmill industry 35 96 4
(Building material)
Engineered wood industry 9 81 19
Pulp and paper industry 6 88 12
Total 50 (66 %) Coniferous dominated
Utilisation for Commercial energy wood 6 49 51
energy services Energy wood for private households 20 43 57
Total 26 (34 %) Broadleaved dominated

both material and energy use (e.g. Finland, Ger-
many) and reducing the trade deficit (e.g. France)
(Forest Europe 2015). However, the situation varies
across Europe and can be categorised in five geo-
graphical regions (North Europe, Central-West
Europe, Central-East Europe, South-West Europe,
South-East Europe). The structure of the market is
dependent on the wood supply (species, amount)
and on the demand, which is traditionally oriented
towards local resource availability and accessibility.
The Central-East and Central-West European
regions have the highest growing stock densities,
and the North European region and Austria have
the highest wood consumption. The countries in
North Europe and Austria have the highest conifer-
ous percentage and are the biggest exporters of
coniferous sawnwood, whereas the other countries
are mainly importing nations. The market for pel-
lets has grown, not only with respect to domestic
production, but also with respect to imports from
outside Europe (particularly from North America)
(FAO 2017). The utilisation type differs greatly by
country: e.g. in Germany, Austria, and Italy pellets
are used for residential heating, whereas in the
United Kingdom, Denmark, Belgium, and the Neth-
erlands, the pellets are instead used for combined
heat and power production, mostly by co-firing.

In general, wood from coniferous trees is
mainly used for material utilisation, whereas wood
from broadleaved trees is mainly taken for energy
production, because it is considered to have lower
quality (see case study Germany; table B5.2).
Whereas long-lived wood products contribute to
climate mitigation by carbon storage during a cer-
tain period, the carbon in the wood used for energy
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is directly released as CO, when the wood is burned.

The characteristics of the timber stock is the
basis for possible utilisation patterns. In Germany,
for example, the timber stock by tree species groups
changed from 2002 to 2012. Especially the stock of
beech (Fagus sylvatica) and oak (Quercus spp.) has
increased, whereas the stock of spruce (Picea abies)
has decreased (BMEL 2015). Because Germany has
set ‘sustainable mixed forests’ and ‘adaption to cli-
mate change’ as goals, the silvicultural manage-
ment has changed and the proportion of broad-
leaved trees, especially beech, is increasing, and the
supply of wood from broadleaved species will
increase in the future. Thus, the development of
processes and products regarding their material
utilisation instead of its use for energy is necessary.
On a European level, the growing stock of broad-
leaved species has also accumulated at a higher
rate on average than the growing stock of conifer-
ous species (Forest Europe 2015).

In addition to the wood supply from forests,
secondary wood resources are provided every year
by the processing wood industries (sawmill and
industrial residues), paper industry (black liquor),
and the waste sector (recovered wood), which are
currently mainly used for energy production
(fig. B5.3). Overall, European wood is used in
almost equal proportions for energy (40%) and
products (40 %). The remaining 20% is used for
pulp (EASAC 2017). According to Mantau etal.
(2018), the secondary resources provide around
30% of the wood supply every year in Germany
(data for 2016), whereas about 50 % of the wood
supply comes directly from forests. The remaining
20 % of wood supply are mostly bark, forest, and
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landscape residues, and pellet imports, all used for
energy purposes.

To improve efficiency, greater use of secondary
wood resources as a material rather than as energy
should be achieved. For this goal, the applications
of secondary resources would need to be upgraded.
The innovative processing of forest wood is focused
on beech as a building material (e.g. laminated
beech wood) and on engineered wood products.
The innovative concepts for secondary resources
are re-use (as product) and recycling (as material);
this is implemented through cascading by breaking
wood products down to recover particles and
fibres, and by dissolving wood for use in biorefiner-
ies to separate the various component substances
contained in wood (cellulose, hemicellulose, lignin,
and extractives).

Changing trade flows

The twenty-first century has seen big changes in
the global market for forest products. The global
forest products market was severely affected by the
global financial crisis of 2008-2009, but the market
had been recovering and the production of all
major products (industrial roundwood, sawnwood,
wood-based panels, pulp and paper) increased
from 2015 to 2016. The recovery from the economic
downturn of 2008-2009 was further continuing
(FAO 2017). However, as seen with the current situ-

Index 2000 = 100

ation of the global COVID-19 pandemic, the eco-
nomic recovery is fragile. It has been reported from
stakeholders of the forest-wood-chain, that the
trade of raw wood and wood products and their
production process have been negatively affected
with respect to the special regional situation of the
pandemic (e.g. missing workers, missing resources,
missing customers).

The last years have seen the emergence of Asia,
especially China, as the biggest consumer and pro-
ducer of many forest products, especially of wood-
based panels and paper. China is also the world’s
largest importer of industrial roundwood, sawn-
wood, and fibre furnish (pulp and recovered paper),
and the largest exporter of wood-based panels
(FAO 2017; Hetemaki and Hurmekoski 2014). The
consumption and production of wood-based prod-
ucts is increasingly shifting from the previously
leading forest industry regions of North America,
Western Europe, and Japan, to the rapidly growing
large economies of China, Brazil, and India (Jons-
son et al. 2017). The production of wood pellets has
increased dramatically in recent years, mainly
owing to demand generated from renewable
energy targets set by the European Commission.
Europe and North America accounted for almost all
global production (58% and 32 %, respectively)
and consumption (81% and 8%, respectively);
especially the United Kingdom increased its imports

Consumption per capita in Europe (excl. Russia)
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Fig. B5.4. Consumption per capita of forest-based products and Gross Domestic Product (GDP) growth in Europe
(excluding Russia) (Data: FAOSTAT, World Bank) (from Jonsson et al. 2017, fig. 15, p. 128).
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and consumption (FAO 2017). The consumption of
graphic paper has declined in most OECD countries,
also in Europe (fig. B5.4) and increasingly also in
non-OECD countries, such as China, owing to the
increasing use of electronic media (Jonsson et al.
2017). Besides, the global and European for-
est-based industries are undergoing major struc-
tural changes. New bio-based products, such as bio-
fuels and bio-plastics, are emerging, and this will

blur the boundaries with other sectors, such as the
energy, chemical, and textile industries.

New processes and new products

Figure B5.5 illustrates an example of an emerging
innovative value chain including biorefinery pro-
cesses (Box B5.3). As the main product line, round-
wood is processed first for sawnwood or veneer,
and then for building materials and (prefabricated)

Roundwood

Engineered

l

wood products
Prefabricated

buildings

Kraft pulpmill

Sawmill —
By-product
residues

Extractives /

Tall ail
Concrete
admixture
Diesel Phenoles

Ethanol

Hemicellulose

C5 & C6 Sugar

Plastic
substitutes

Dissolvinf pulp

Other Textiles

Fig. B5.5. Illustration of a wood-based value chain exemplified by roundwood (modified from Hurmekoski et al. 2018,

fig. 2, p. 1422).

Box B5.3. (Forest) Biorefinery (EASAC 2017, Box 3, p. 9; Nayha et al. 2014, p. 44)

Biorefining is defined by the International Energy
Agency as the sustainable processing of biomass into a
range of bio-based products (food, feed, chemicals, and
materials) and bioenergy (biofuels, power and/or heat).
The purpose is to use the raw material in the wood as a
chemical feedstock to produce high value chemicals
(e.g. fine chemicals, pharmaceuticals, polymers) and sec-
ondary energy carriers (transport fuels such as bioetha-
nol, biogas). Outputs are thus considerably higher up the
value chain than just using the biomass for generating
heat and/or electricity (EASAC 2017, p. 9).

The forest biorefinery can use multiple feedstocks,
including pulpwood, harvesting residues, extracts from
effluents, fractions of pulping liquors, as well as recy-
cled paper and industrial wastes (Nayha etal. 2014,
p. 44).

Major chemical components of woody biomass include
lignin and sugars, and a range of biological, chemical,
physical, and thermal processes can be applied to pro-
duce biochemicals and fuels. Typical processes include
fermentation, biocatalysis, gasification, and pyrolysis.
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Major product streams depend on the chosen biorefin-
ing platform and the respective technologies, but may
include bioethanol, biogas (methane), biochemicals, bio-
plastics, and foodstuffs. Potential industries to which
biorefinery products can contribute include the food,
electronic, medical, and clothing industries. In general,
both energy-driven and product-driven biorefineries can
be distinguished (EASAC 2017, p. 9).

It can be a large-scale industrial facility, integrated
into a pulp and paper mill, or a medium- or small-scale
facility integrated into a sawmill or plywood mill (most
of the discussions have focused on the former) (Nayha
et al. 2014, p. 44).

The concept of the biorefinery is still in early stages
and has attracted government support for innovation in
some countries (EASAC 2017, p. 9).

A key requirement for any biorefinery development is
a large supply of biomass from nearby areas to supply
the necessary feedstock, which can conflict with other
objectives (e.g. biodiversity or carbon storage targets)
(EASAC 2017, p. 9).
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Fig. B5.6. Innovative wood products (modified from Jonsson et al. 2017, p. 129, based on Cowie et al. 2014, Poyry

2016 cited in Jonsson et al. 2017).

building elements. The co-product sawmill residues
can also be used for material applications before
being used for production of energy. Instead of
producing graphic paper, for which the consump-
tion has declined worldwide, the production capac-
ity of pulp and paper mills could be converted to
biorefineries for the production of cellulose, hemi-
cellulose, lignin, and extractives (Box B5.3). These
substances in pure form can be used in various ways
as fuel, concrete admixture, phenol, ethanol, and
other platform chemicals. The fibres can substitute
for plastic products or be processed into textiles.
Besides sawmill residues, also other residues and
recovered wood could be used (Hurmekoski et al.
2018).

The technical new engineered wood products
from various wood species and the prefabricated
building elements are an innovative product line
with high value. The advantage of engineered
products like laminated timber is that larger and
stronger construction elements can be fabricated
from smaller and poorer quality wood. Thereby,
timber that was previously of limited use can be
converted into upgraded products. This is an impor-
tant development for the use of wood in areas,
where the trees often do not grow with tall and
straight stems, such as the Mediterranean region.

Another major advantage of building with timber
is the potential for quick construction. For example,
a Bavarian timber construction award in 2018 was
granted to a residential building for asylum seek-
ers; the building used solid wood construction and
was constructed in only six weeks (StMELF 2019).

The potential of innovative processes and prod-
ucts based on wood are expected to be very prom-
ising in Europe and globally (Jonsson et al. 2017,
Hurmekoski et al. 2018). According to an analysis of
the development until 2030 for the four major for-
est industry countries (i.e. USA, Canada, Finland,
and Sweden), the biggest part of increases in pri-
mary wood consumption is predicted in the con-
struction sector (saw logs) and in the textile sector
(pulpwood). In the biochemicals and bio-plastics
sectors, a very high increase of wood use, mainly of
by-products from the sawmilling and pulping
industries, is also predicted. These sectors will pro-
duce lower volumes of wood products but with
higher value added (Hurmekoski et al. 2018). Thus,
in terms of market growth, there is a different pic-
ture when looking only at large volumes of tradi-
tional products (sawnwood, wood-based panels,
pulp and paper) compared to one that considers
also new or emerging wood-based bioproducts
(Jonsson et al. 2017; fig. B5.6).
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Building construction from
laminated beechwood
Bavarian State Institute of Forestry
Freising

Thermoformable wood and wood plastic com-
posites in the automotive technology (e.g. in the
Biofore Concept Car, UPM Biofore 2014), veneer
layers for wood-based lightweight pipes of bicycle
frames, and composites from sawmill residues for
toys are examples for upgraded material utilisation
of small-dimension wood, low-quality wood, and
wood waste and wood residues. Examples of the
innovative use of wood from broadleaved species
include: the annex building of the Bavarian State
Institute of Forestry on the Research Campus Freis-
ing-Weihenstephan near Munich constructed using
laminated beech wood; and the T-Shirts of the for-
est students at the Technical University of Munich
processed from beech cellulose (fig. B5.7).

Environmental assessment and resource efficiency
Whether the emerging innovative processes and
products are in fact environmentally friendly and
sustainable has to be evaluated on a case-by-case
basis. One method to do this is the ‘Life Cycle
Assessment’ (LCA), in which the whole life cycle of
a product is assessed (ISO 14040 2006a; 1SO 14044
2006b). For example, the life cycle of a wood build-
ing product ranges from the raw material provision
from the forest up to the construction of a building
and the material or energy use of the recovered
wood after the end of life of the product (CEN EN
15804 2018).

By comparing wood products with the respec-
tive non-wood products, the substitution and dis-
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Textiles from Beech Cellulose
T-Shirt of the forest students at
the Technical University of Munich
Freising
Fig. B5.7. Potentials of the material utilisation of wood from broadleaved species like beech (modified from Weber-
Blaschke 2019) (Photos: Holzforschung Minchen. Ralf Rosin, Gabriele Weber-Blaschke).

placement effects can be evaluated. Thereby, envi-
ronmental impact categories, complemented by
economic and social aspects, can be evaluated with
respect to all sustainability issues, which is called
‘Life Cycle Sustainability Assessment’ (Guinée 2016).
On the input side, resource efficiency and land-use
impact are indicators for resource and land con-
sumption. On the output side, impacts on environ-
ment and human health can be assessed using indi-
cators related to GHG emissions, as well as indicators
related to various pollutants (acidifying and
eutrophicating substances, particulate matter, and
other pollutants).

An important indicator related to climate
change is the environmental impact category
‘Global Warming Potential’. In most cases, use of
wood products results in reductions in GHG emis-
sions compared to use of non-wood products, while
the material utilisation of the traditional wood
products have more reduction potential than the
wood utilisation for energy services (Knauf et al.
2015; Wolf et al. 2015; Leskinen et al. 2018). How-
ever, also values of these substitution factors show
ranges with additional burdens depending on how
the wood product was produced and with which
non-wood product it was compared. LCA studies
are still missing for emerging innovative products
(Leskinen et al. 2018).

In addition, the issue of resource efficiency is
becoming more and more important since the
demand for wood is expected to increase along
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Fig. B5.8. lllustration of wood cascading as a concept of the circular economy (modified from Hoglmeier et al. 2016,
fig. 22.1, p. 336) (Photos: Holzforschung Munchen. Ralf Rosin).

with the bioeconomy transformation. Therefore, a
circular economy is required (EC 2018, Box A5.4). In
relation to wood, the ‘circular economy’ refers to
the renewable character of wood when harvested
from sustainably managed forests, but it also refers
to its cascading use (Hetemaki et al. 2017). The idea
of cascading is to recycle a high-grade material
through as many stages as possible; only at the
final stage should the wood be used for energy
production (fig. B5.8) (Hoglmeier et al. 2016; Bru-
net-Navarro et al. 2018). Thereby, the circular econ-
omy should not only consider recycling, which is
mostly only a down-cycling by reprocessing the
material, but also integrate re-use, which is the
high quality use of the product itself for the same
or for other purposes (Hoglmeier et al. 2017; Mair
and Stern 2017). The implementation of this is chal-
lenging, and requires a shift from linear thinking to
thinking in terms of cycles. This concept requires
that the products have already been designed at
the beginning of their life to be reusable and recy-
clable at the end, which is currently not the case in
practice (Risse et al. 2019).

However, it is not sufficient to only analyse sin-
gle product lines by LCA. The new processing and
utilisation ways of the wood raw materials and res-

idues will shift the flows of the wood as well as of
the non-wood materials and products at the
regional level. This can be an