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51.1 Introduction

Forest management systems (FMS) are more than silvicultural systems which are clearly defined as the
alteration of the stand environment in order to regulate forest growth, stand structure and composition,
thereby imitating natural ecosystem processes (Ashton & Kelty, 2018). FMS, in contrast, refer to any
planned human intervention in a forest ecosystem to achieve specific goals and objectives, which can
typically be grouped as environmental, economic, and social. FMS can include anything from low intensity
to high intensity interventions using different practices, tools, and techniques. Their implementation is
normally linked to the existence of a management plan.

Since several decades, traditional production-oriented age-class forestry is more and more replaced by
close-to-nature forest management systems or integrative approaches using natural processes. Moreover,
the latter systems recently experienced refinements in anticipating global (climate) change through forest
adaptation (e.qg., climate-smart forestry) (Bowditch et al., 2020; Hahn & Knoke, 2010). Some of the
systems mentioned in this chapter are clearly valid for the stand scale of forests (3.), others are related to
the landscape scale (2. and 4.-6.). Some basic information on the presented management systems is
described in Table 51-1.

Table 51-1: Basic information on management systems
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Hierarchy Main forest

Management Geographic Basic .
9 grap [stand/landscape functions
system scope features
level]
1 Age-class systems All continents Structure-poor, stand production-
(even-aged high hom'_:)gen_eous (often Ipw oriented
species richness), conifer
forest) dominated and exotic tree
species
2 Close-to-nature forest Central Europe Structurally diverse, native stand multifunctional
management species, taking advantage
from natural processes such
as natural regeneration
3 Integrated forest Europe Incorporating biodiversity landscape multifunctional
conservation on landscape
management )
level (set aside areas,
TPAs), partly segregative
4 Disturbance-based North America Mimicking natural landscape ecological
silviculture disturbance patterns
(variable scale according to
forest biome)
5 Functional networks North America Highlighting connectivity on landscape multifunctional
landscape level
6 Climate-smart forestry All continents Further development of stand/landscape multifunctional

SFM, striving at climate
protection and adaptation

51.2 Age-class forestry

The origin of age-class forestry dates back to the time before the 19th century, when irregular, selective
logging was conducted. A dramatic increase in wood demand during the industrial revolution, however, led
to an intensification of forest management and the introduction of forestry activities according to more
agricultural principles, like soil tillage, fertilization and the spatial-temporal classification of forests into
cutting sequences. In the early 19th century huge areas which were deforested and degraded since the
Middle Ages were restored to forests. Thereby, mainstream forestry in Germany, but also in Scandinavia,
France or the Netherlands laid an emphasis on even-aged high forests with a preference for clear-cutting
(Pommerening, 2023; Thomasius, 1996). The forest model at the time was the age-class forest, the so-
called ‘fully regulated forest’, leading to large-scale so-called monocultures of faster growing conifer

stands with Norway spruce and Scots pine. In the 20" century, the dominance of age-class high forests
was strengthened by rationalization and mechanization and the effective exclusion and management of
disturbances, respectively.

51.3 Close-to-nature forest management (CNFM)

Over time many of these even-aged pure forests were lost due to an increasing number of pest attacks
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and abiotic damages; disturbances in the forest could no more be excluded. Consequently, the first Central
European forest scientists started to recognise that pure (even-aged) stands may not be resistant and
resilient enough for long-term economically successful forest management. One of the most prominent
advocates of mixed forests at the turn to the 20th century in Germany was the silviculturist Karl Gayer,
who strongly supported the irregular shelterwood system for stand regeneration (Heyder, 1986; Gayer,
1886). In the 1920s, Alfred Mdller promoted the idea of continuous-cover forestry (CCF), called
‘Dauerwald’, which was a special variant of CNFM. He advocated single-tree oriented interventions, natural
regeneration, avoidance of clear-cutting and the maintenance of multi-storied mixed stands (Helliwell,
1997; Moéller, 1922). Other pioneers of CCF in Europe were Biolley (Switzerland and France), MlinSek
(Slovenia) or Ciancio (Italy). Thus, CCF systems comprise all silvicultural systems, which permanently
retain at least a part of the canopy during management, especially regeneration (Pommerening & Murphy,
2004). Although first practised mainly by private forest owners, such as the members of ANW in former
West Germany, CNFM emerged among all forest ownership categories during the last quarter of the 20th
century. Thereby, forest owners responded to new environmental developments and challenges (e.qg.,
forest decline), major disturbances (storms, insects) and the increasing scientific evidence that mixed
forests may be more resilient and productive than pure forests Today, the ideas of CNFM are widespread in
Central Europe and part of the programme of ProSilva (e.g., Brang et al., 2014; Knoke et al., 2008).

A central principle of CNFM is the utilization of natural processes to guide forest ecosystems with the least
amount of energy input (costs) as possible. Other prominent elements of CNFM are (Pommerening &
Murphy, 2004; Johann, 2006; Spathelf, 1997):

= promotion of natural and (or) site-adapted tree species composition (non-
native species, if admixed to native species, are accepted to a small
extent),

» promotion of mixed and ‘structured’ forests,

= avoidance of clear cuts, as far as possible,

» promotion of natural regeneration,

» single-tree oriented silvicultural practices,

integration of forest ecosystem services (e.g., water, recreation) at small

spatial scales.

CNFM is thus not a silvicultural system or technique in sensu strictu, but a broad approach with different
elements which can be adapted to changing natural and socio-economic conditions (Spathelf, 1997). To
date, CNFM in the described specification is mainly applied in Central Europe, but also relevant in other
forests, such as in native American reservations or in plenter forests of Japan (e.g., Minzer et al., 2023).
The practical success of CNFM depends on reduced impact of tending and harvesting on the remaining
stand and soil (Reduced Impact Logging) and controlled ungulate populations. CNFM is an integrative
approach of (sustainable) forest management (SFM) and biodiversity conservation on a small scale
(Schitz, 1999). When classified according to management intensity, tree species and structural
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heterogeneity, CNFM occupies its place between selection and old-growth forests on the one hand, and
forests after larger stand replacement events or even plantations on the other hand. This classification
demonstrates the range of regeneration cuts and forest target structures which are feasible within CNFM.

The international terminology on CNFM is multifaceted and varies from ecological forestry, systemic
silviculture to ecosystem management or retention forestry, depending on historic roots of the respective
countries (see Puettmann et al., 2015, for an overview).

51.4 Integrated Forest Management (IFM)

In Central Europe, the majority of forest areas are managed and timber used according to economic
criteria, while at the same time ensuring minimum requirements for forest nature conservation - an
approach known as Integrative Forest Management (IFM) (Krumm et al., 2020) or land sharing. In
segregated forest management (land sparing), on the other hand, there is a coexistence of strictly
protected areas and intensively managed forests geared to economic requirements (e.g., pine plantations
in Chile or the southeast of the USA). In IFM, specific forest services such as recreation, protection against
natural hazards or provision of non-timber forest products, can be prioritised in sub-areas designated for
use.

IFM is largely in line with the needs of adapting forests to climate change, as shown in a recent literature
review by the European Forest Institute (de Koning et al., 2020). At the stand level, continuous cover forest
is increasingly becoming the guiding principle of IFM. Compared to conventionally managed age-class
forests, continuous-cover forests, e.g., in the form of plenter forests, are in many cases more resistant and
more resilient (Diaci et al., 2017) to disturbances. Thus, permanent forest-like structures can probably
partially buffer climate change-induced disturbance intensification. However, IFM is also criticised. There
are calls for more segregative elements to meet society’s changing demands on the forest (e.g., nature
conservation) (Borchers, 2010). A more segregative variant of IFM is the TRIAD system, in which the forest
is divided into three separate zones of complementary functions, i.e., intensive timber production, multiple
use forestry and biodiversity conservation (Krumm et al., 2020).

51.5 Disturbance-Based Silviculture (DBS)

Natural disturbance-based management or disturbance-based silviculture (DBS) originates from North
America and pursues the primary goal of near-natural management at the landscape level by emulating
the regionally prevailing disturbance regime (Aszalds et al., 2022). The concept is not directly aimed at
avoiding disturbance, but rather seeks to specifically incorporate it into management, or to anticipate it.
The species compositions and forest structures that develop as a result ensure high beta diversity. This
results in a broad spectrum of possibilities for autonomous adaptation of the forest after disturbances. In
order to implement DBS, information on the disturbance regime, including the range of disturbance inter,
disturbance intensities and spatial extent of disturbance, is needed. Within this, disturbance-based
silviculture favours highly variable management regimes, whereby one part of the landscape can also be
used very intensively and thus imitate the strongest disturbances, whereas other parts are only managed
very gently and thus imitate weak disturbances. The derivation of the natural disturbance regime is
critical, as there are only few natural forests that can be considered as reference areas in Central Europe.
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Furthermore, disturbance regimes change due to climate change and thus the “natural” reference must be
permanently adapted to new conditions (Aszalés et al., 2022).

51.6 Functional Networks (FN)

Functional networks (FN) are defined by the functional diversity of stands and their connections with other
stands (connectivity) (Aquilué et al., 2021). The length of the connections is the potential range of seed
dispersal and the strength of the connections is the amount of functional diversity (i.e., the diversity of
species traits that influence ecosystem processes and thus control growth, survival and regeneration) that
can potentially be passed on. For example, the optimal temperature for photosynthesis varies between
species, so competitive relationships shift with temperature changes. After disturbance, the transmission
of functional diversity through the network ensures high ecological resilience and offers great potential for
adaptation to climate change. To establish FN, it is therefore necessary to create stands with high
functional diversity that are connected to each other through seed dispersal. The limitations for the
practical application of FN result from the lack of knowledge and the difficult definition of functional
diversity. In general, it can be stated that a good mixture of early and late successional species, as well as
of conifers and deciduous trees, ensures a high functional diversity (Thom et al., 2021). Another criticism is
that the establishment of FN and their autonomous adaptation through seed dispersal takes a long time
and thus does not lead to rapid success.

51.7 Climate-smart forestry (CSF)

Climate-smart forestry (CSF) is not aiming to substitute Sustainable Forest Management (SFM), but seeks
to optimize forest management in response to climate change (acc. to Bowditch et al., 2020).

CSF has three pillars:

= Removing CO2 to mitigate climate change

» Adapting forest management to enhance resilience, and

» Active forest management aiming to increase productivity and the
provision of other ecosystem services.

Mitigation strategies comprise the afforestation on ‘new lands’, tree species choice with respect to growth
rate and specific gravity of trees, the increase of rotation length and standing volume, more deadwood,
the restoration of peatlands and the conservation of high carbon stocks in old forests and in forests on
sensitive sites. Adaptation, however, focuses on the diversification of forests on stand and landscape level
to enhance their resistance and resilience. Mitigation and adaptation are closely linked, i.e. without forests
with adaptive capacity the function of forests as a carbon sink cannot be maintained on a long term.

51.8 Perspectives

FMS are a prerequisite for rational forest interventions and the fundamentals for active forest
management. There is a global tendency of convergence from stand-based systems neglecting ecological
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processes to integrative approaches on landscape level, taking into account basic ecosystem processes.
The more or less segregative part of the introduced systems is gaining importance, because protected (set
aside) areas or wilderness areas are regarded as indispensable for biodiversity conservation (Jandl et al.,
2019). Moreover, due to environmental change, the need for adaptive elements in FMS is strongly
increasing. This has consequences for long-term planning horizons in forestry, as well as for monitoring
and the necessity of flexible solutions and experimenting. Maybe a paradigm shift is emerging, that FMS
and their type of intervention have to be more and more derived from ecosystem functioning and
ecosystem integrity. For a more in-depth analysis of forest management systems, we recommend the
following readings: Aquilé et al. (2021), Puettmann et al. (2015), Brang et al. (2014), Pommerening &
Murphy (2004).
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