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❖ Arrière-plan : 

❖ population mondiale & développement → demande produits-bois 

❖ forêts : fournir une gamme croissante de produits/services, 
en dépit de contraintes renforcées 

❖ une pression par les autres usages du sol (qui ré-émerge) 
❖ apporter une réponse intégrée au changement climatique : 

adaptation, atténuation, régulation des services écosystémiques 
❖ nécessaire reconception des systèmes de production 

❖ imitation de la nature (Lorentz & Parade, 1837) → « close-to-nature forestry » 

❖ Trois aperçus autour de nature/sylviculture/intensification/écologie : 

➡ potentiel adaptatif de la sylvi. proche de la nature 
➡ options de diversification & planification 
➡ intensification écologique ĉ utilisation + efficace des cycles 

Objectifs de la présentation
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Adaptation-atténuation du changement climatique : renouveler, diversifier, planter, investir 

  
11 décembre 2015
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Bioéconomie : voir le bois dans la « big picture », 
approvisionner de nouveaux usages/filières
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http://reports.weforum.org/toward-the-circular-economy-
accelerating-the-scale-up-across-global-supply-chains/mounting-
pressure-on-resources/

From linear to circular economy: 
complexity management and 

modelling
Dominique Luzeaux

dominique.luzeaux@polytechnique.org

dominique.luzeaux@polytechnique.org 5/11/2014 N°2

From linear (cradle to grave) to 
circular economy (waste is food)

Visionary political leaders and responsible business leaders alike 
should work together… to pursue economic development on the basis 
of resource conservation and build a circular economy.

Hu Jintao, President, People’s Republic of China

http://www.mosim2014.org/sites/mosim2014.org/files/
pdf/Pleniere_D.Luzeaux.pdf
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« la dépendance des éoliennes au néodyme et au dysprosium, deux métaux de la famille des 
terres rares qui constituent les aimants permanents actuellement nécessaires pour l’alternateur, 
illustrent bien cette question sensible des ressources minérales : 

un déficit en dysprosium est prévisible à partir de 2020 compte tenu de l’augmentation de la 
demande actuelle.  

Autre exemple avec des technologies photovoltaïques très prometteuses comme le CIGS (cuivre, 
indium, gallium, sélénium) qui sont confrontées aux mêmes enjeux :  

on estime à 20 ans seulement le ratio « réserves sur production de l’indium » 

Isabelle Blanc, 21 oct 2015, ParisTech Review. 
Comment calculer l’impact environnemental des énergies renouvelables ? 

http://www.paristechreview.com/2015/10/21/impact-environnemental-renouvelables/?utm_campaign=NL%2052%20-%20112015%20-%20Global
%20EN&utm_medium=email_eCircle&utm_source=Global%20FR 

Énergies renouvelables « grises » :  
consomment beaucoup de matériaux rares !
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4 • DELIVERING THE CIRCULAR ECONOMY – A TOOLKIT FOR POLICYMAKERS - SELECTION OF KEY EXHIBITS

Circular economy – an industrial system that is restorative and regenerative by design

1	
  Principle	
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2	
  Principle	
  

3	
  Principle	
  

Farming/collection 1

Biochemical 
feedstock

Regeneration

Extraction of 
biochemical 
feedstock2

Cascades

Collection

Parts manufacturer

Product manufacturer

Service provider

Collection

User

Biosphere Recycle

Refurbish/
remanufacture

Reuse/redistribute

Maintain/prolong 

6   2803  0006 9 

Consumer

MINIMISE SYSTEMIC LEAKAGE 
AND NEGATIVE EXTERNALITIES

FINITE MATERIALSRENEWABLES 

Biogas

Regenerate Substitute materials Virtualise Restore
Renewables flow management Stock management

Share

Preserve and enhance natural capital 
by controlling finite stocks and 
balancing renewable resource flows
ReSOLVE levers: regenerate, virtualise, 
exchange

Optimise resource 
yields by circulating 
products, components 
and materials in 
use at the highest 
utility at all times in 
both technical and 
biological cycles
ReSOLVE levers: 
regenerate, share, 
optimise, loop

Foster system effectiveness by 
revealing and designing out negative 
externalities
All ReSOLVE levers

flow Stock

PRINCIPLE 2

PRINCIPLE 1

PRINCIPLE 3

1 Hunting and fishing 
2 Can take both post-harvest and post-consumer waste as an input 
SOURCE: Ellen MacArthur Foundation, SUN and McKinsey Center for Business and Environment, Growth Within: A Circular Economy Vision for a Competitive Europe (2015). 
Drawing from Braungart & McDonough, Cradle to Cradle (C2C).
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« Proche de la nature » : 
est-ce efficace comme stratégie adaptative ? 
quelles significations (Anthropocène) ?

_1
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Lindner, M., M. Maroschek, S. Netherer, A. Kremer, A. Barbati, J. Garcia-Gonzalo, R. Seidl, et al., 
2010. « Climate change impacts, adaptive capacity, and vulnerability of European forest 
ecosystems ». Forest Ecology and Management 259(4): 698-709

Extreme events such as storms, droughts, flooding, and heat waves are probably the 
most important threats in Temperate Oceanic regions […] 

natural mechanisms of inherent adaptive capacity are diverse and will support adaptation of 
forests to climate change. However, natural processes alone are too slow to cope with the 
projected rates of environmental change […] 

from European biogeography it can be inferred that adaptive capacity is smallest at the 
rear edge of the forest biome, where only short-term adaptation and plasticity are able to 
counteract the threat of extirpation of forest species under less suitable climate conditions. 
There are considerable differences in socio-economic adaptive capacity within Europe 
and it is worrying that this is smallest in the Mediterranean region where the largest potential 
impacts are expected 

Adapting forests to extreme storm events is - outside Great Britain and Ireland with already existing 
particular storm adapted management strategies - an exception, 

and requires measures such as limiting tree height that are unpopular  
and against the dominating “close-to-nature” forestry with long rotation periods in Central Europe

Review

Climate change and European forests: What do we know, what are the
uncertainties, and what are the implications for forest management?
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a b s t r a c t

The knowledge about potential climate change impacts on forests is continuously expanding and some
changes in growth, drought induced mortality and species distribution have been observed. However
despite a significant body of research, a knowledge and communication gap exists between scientists and
non-scientists as to how climate change impact scenarios can be interpreted and what they imply for
European forests. It is still challenging to advise forest decision makers on how best to plan for climate
change as many uncertainties and unknowns remain and it is difficult to communicate these to prac-
titioners and other decision makers while retaining emphasis on the importance of planning for
adaptation.

In this paper, recent developments in climate change observations and projections, observed and
projected impacts on European forests and the associated uncertainties are reviewed and synthesised
with a view to understanding the implications for forest management. Current impact assessments with
simulation models contain several simplifications, which explain the discrepancy between results of
many simulation studies and the rapidly increasing body of evidence about already observed changes in
forest productivity and species distribution. In simulation models uncertainties tend to cascade onto one
another; from estimating what future societies will be like and general circulation models (GCMs) at the
global level, down to forest models and forest management at the local level.

Individual climate change impact studies should not be uncritically used for decision-making without
reflection on possible shortcomings in system understanding, model accuracy and other assumptions
made. It is important for decision makers in forest management to realise that they have to take long-
lasting management decisions while uncertainty about climate change impacts are still large. We discuss
how to communicate about uncertainty e which is imperative for decision making e without diluting the
overall message. Considering the range of possible trends and uncertainties in adaptive forest management
requires expert knowledge and enhanced efforts for providing science-based decision support.

© 2014 Elsevier Ltd. All rights reserved.

* Corresponding author. Tel.: þ358 50 447 1441.
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Peter Spathelf *, Andreas Bolte**, and Ernst van der Maaten***

Abstract 

Climate change projections for Europe suggest increases in 
temperature, changes in precipitation regimes as well as 
more frequent and severe weather extremes like heat waves, 
droughts and storms. As these changes may have a large 
impact on forest ecosystems, forest management should 
adapt to maintain vital and productive forests in the future. 

This review assesses how close-to-nature silviculture 
(CNS), which is a widespread silvicultural approach in Central 
Europe, may cope with projected changes in climate. First, a 
conceptual model of forest vulnerability is outlined, and 
used to describe climate change exposure, sensitivity and 
adaptive capacity of forests. Strategies and options for adap-
tation, and their compliance with the principles of CNS are 
then discussed.

Modifications in CNS, such as using exotic tree species 
and provenances or the assisted migration of well adapted 
tree species from other climates can enhance adaptive capa-
city of forests. Moreover, the regeneration of stress-tolerant 
pioneer species can be supported by applying the whole 
range of silvicultural systems.

Keywords: climate change, adaptation, close-to-nature  
silviculture (CNS), tree species richness, genetic variation

Is Close-to-Nature Silviculture (CNS) an  
adequate concept to adapt forests to  
climate change? 

Zusammenfassung

Ist naturnaher Waldbau ein geeignetes 
Konzept zur Anpassung von Wäldern an 
den Klimawandel?

Projektionen zum Klimawandel in Europa deuten auf eine 
Erwärmung, Änderung der Niederschlagsverhältnisse sowie 
häufigere und intensivere Witterungsextreme wie Hitzewel-
len, Trockenheit und Stürme hin. Diese Änderungen können 
einen starken Einfluss auf Waldökosysteme haben und die 
Waldwirtschaft sollte sich daran anpassen, um vitale und 
produktive Wälder in der Zukunft zu erhalten.

Dieser Übersichtsartikel behandelt die Frage, wie der 
naturnahe Waldbau (close-to-nature silviculture – CNS) als 
weit verbreiteter waldbaulicher Ansatz in Mitteleuropa mit 
dem notwendigen Anpassungsbedarf der Wälder im Ein-
klang steht. Zunächst wird ein Konzept zur Abschätzung der 
Vulnerabilität von Wäldern unter Klimawandel vorgestellt. 
Danach werden die Vulnerabilitäts-Komponenten ‚Belas-
tung‘, ‚Empfindlichkeit‘ und ‚Anpassungsvermögen‘ beschrie- 
ben und Strategien sowie Möglichkeiten für die Waldanpas-
sung und ihre Übereinstimmung mit dem naturnahen Wald-
bau diskutiert.

Modifikationen im naturnahen Waldbau, wie die Verwen-
dung von eingeführten Baumarten und Baumartenherkünf-
ten sowie die unterstützte Verbreitung (‚assisted migration‘) 
von nachweislich gut angepassten Bäumen aus anderen  
Klimaten können die Waldanpassung verbessern, ebenso die 
Erweiterung des Spektrums der Waldbausysteme zur Förde-
rung von stresstoleranten Pionier-Baumarten.

Schlüsselworte: Klimawandel, Anpassung, Naturnaher Wald-
bau, Baumartenvielfalt, Genetische Variation

*  Eberswalde University for Sustainable Development, Faculty of Forest and Environment, Alfred-Möller-Straße 1, 16225 Eberswalde, Germany

**  Thünen Institute of Forest Ecosystems, Alfred-Möller-Straße 1, 16225 Eberswalde, Germany

***  University of Greifswald, Institute of Botany and Landscape Ecology, Soldmannstr. 15, 17487 Greifswald, Germany

Contact: Peter.Spathelf@hnee.de

DOI:10.3220/LBF1452526188000
« the restrictions of CNS for the use of natural regeneration and ‘low impact’ interventions and the focus of 
CNS systems on mid- and late-successional tree species limit the options for human-induced assistance of 
adaptation, e. g. by introducing non-native or specific drought-resistant tree species and provenances »

Utiliser des processus naturels pour guider les écosystèmes 
avec le moins possible d’apports en énergie (coûts) : 

๏ promotion d’espèces naturelles et/ou adaptées à la station 
(non-natives acceptées en mélange avec des natives) 

๏ forêts mélangées et structurées 

๏ éviter les coupes rases autant que possible 

๏ promotion de la régénération naturelle 

๏ sylviculture d’arbres individuels 

๏ intégration des services écosystémiques (eau, 
récréation…) à grain fin 

Pommerening & Murphy (2004), Johann (2006), Spathelf (1997)
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Figure 1  
Classification of CNS according to management intensity as 
well as tree species and structural diversity. Adapted after 
Puettmann et al. (2009).

3  Climate change vulnerability of  
German forests 

3.1  Definitions and concepts
‘Vulnerability’ is a widely used term to qualify the impacts of 
climate change on forest ecosystems. It can be described as 
the probability with which an environmental system can be 
damaged through changes in the environment and (or) so-
ciety, taking into account its adaptive capacity (Turner et al., 
2003). In this review, the different elements of vulnerability, 
being exposure, sensitivity and adaptive capacity (Figure 2), 
will be defined after Lindner et al. (2010) and IPCC (2007), 
glossary terms WG II). 

Figure 2  
Components of ecosystem vulnerability. 

Forest ecosystems are exposed to climate factors, such as 
temperature and precipitation, in different ways (i.e. means, 
variability and extreme events; Reyer et al., 2013). Sensitivity 
describes the degree to which a system is affected by climate 
change factors, either adversely or beneficially. Adaptive 
capacity, however, is the ability of a system to adjust to chan-
ges in climate, i.e. to prevent or moderate potential damages 
or to take advantage of opportunities. Finally, vulnerability is 
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the degree to which a system is susceptible to, and unable to 
cope with adverse effects of climate change factors, inclu-
ding climate variability and extremes in disturbance events. 
In the following sections, different elements of vulnerability 
will be discussed for forests in Germany as an example for 
Central Europe.

3.2  Exposure
Regionalised climate change projections for Germany 
(models: REMO, WETTREG, CLM) suggest, on the basis of  
IPCC SRES scenario A1b, a significant temperature increase 
until 2055 (Figure 3a; after Stock, 2008). Temperature will rise 
especially in autumn and winter, ranging from 0.6 to 3.4 K. An 
extension of the vegetation period amounting to two weeks 
can already be observed in Central Europe (Menzel, 2006), 
and a further advance of bud burst and flowering due to  
warming is expected for the future. Additionally, the fre-
quency and severity of winter and late frosts are expected to 
change. Model projections for precipitation reveal a shift in 
seasonal distribution (from summer to winter) and less con-
tinuous but more intense rain (Figure 3b). Although there 
will be regions in Germany with decreasing and others with 
increasing precipitation sums (Stock et al., 2009; Becker et al., 
2008), the probability for summer droughts and heat waves 
is likely to increase considerably throughout the country.

3.3  Sensitivity
To analyse potential impacts of changing climate variability 
and extreme events on tree growth and vitality, dendro- 
ecological approaches have shown to be a strong tool (e. g.  
Büntgen et al., 2008; Schweingruber, 1996). For Germany, 
there is increasing evidence that trees suffer more from  
summer droughts. Schröder (2009), for example, found an 
accumulation of negative pointer years in Scots pine (Pinus 
sylvestris) stands in northeastern Germany over the last two 
decades. Further, an analysis of intensively monitored obser-
vation plots (Level II network) reveals a significantly increa-
sed sensitivity of European beech (Fagus sylvatica) to climate 
variation since 1990 (Beck, 2011; Beck, 2009). High drought 
sensitivity of beech is also observed by other studies, whereas 
sessile oak (Quercus petraea) is found to be more drought 
tolerant (Scharnweber et al., 2011; Friedrichs et al., 2009). 
Species-specific drought sensitivity was also shown for an 
altitudinal gradient in southwestern Germany (van der  
Maaten-Theunissen et al., 2013). It was found that growth of  
Norway spruce (Picea abies) was negatively affected at all  
altitudes (400 to 1140 m a.s.l.), whereas growth of silver fir 
(Abies alba) responded to drought only at low altitudes. 

Regional differences, local variation and temporal varia-
bility in drought sensitivity, as well as uncertainty in growth 
responses of trees to climate conditions that they were never 
exposed to before, make future estimates of forest growth 
difficult. Moreover, the response of tree species to climate 
variables is often analysed and described for pure stands 
only. The question whether tree species-rich forests modu-
late drought stress still remains poorly understood. In mixed 
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tation, and their compliance with the principles of CNS are 
then discussed.

Modifications in CNS, such as using exotic tree species 
and provenances or the assisted migration of well adapted 
tree species from other climates can enhance adaptive capa-
city of forests. Moreover, the regeneration of stress-tolerant 
pioneer species can be supported by applying the whole 
range of silvicultural systems.

Keywords: climate change, adaptation, close-to-nature  
silviculture (CNS), tree species richness, genetic variation

Is Close-to-Nature Silviculture (CNS) an  
adequate concept to adapt forests to  
climate change? 

Zusammenfassung

Ist naturnaher Waldbau ein geeignetes 
Konzept zur Anpassung von Wäldern an 
den Klimawandel?

Projektionen zum Klimawandel in Europa deuten auf eine 
Erwärmung, Änderung der Niederschlagsverhältnisse sowie 
häufigere und intensivere Witterungsextreme wie Hitzewel-
len, Trockenheit und Stürme hin. Diese Änderungen können 
einen starken Einfluss auf Waldökosysteme haben und die 
Waldwirtschaft sollte sich daran anpassen, um vitale und 
produktive Wälder in der Zukunft zu erhalten.

Dieser Übersichtsartikel behandelt die Frage, wie der 
naturnahe Waldbau (close-to-nature silviculture – CNS) als 
weit verbreiteter waldbaulicher Ansatz in Mitteleuropa mit 
dem notwendigen Anpassungsbedarf der Wälder im Ein-
klang steht. Zunächst wird ein Konzept zur Abschätzung der 
Vulnerabilität von Wäldern unter Klimawandel vorgestellt. 
Danach werden die Vulnerabilitäts-Komponenten ‚Belas-
tung‘, ‚Empfindlichkeit‘ und ‚Anpassungsvermögen‘ beschrie- 
ben und Strategien sowie Möglichkeiten für die Waldanpas-
sung und ihre Übereinstimmung mit dem naturnahen Wald-
bau diskutiert.

Modifikationen im naturnahen Waldbau, wie die Verwen-
dung von eingeführten Baumarten und Baumartenherkünf-
ten sowie die unterstützte Verbreitung (‚assisted migration‘) 
von nachweislich gut angepassten Bäumen aus anderen  
Klimaten können die Waldanpassung verbessern, ebenso die 
Erweiterung des Spektrums der Waldbausysteme zur Förde-
rung von stresstoleranten Pionier-Baumarten.

Schlüsselworte: Klimawandel, Anpassung, Naturnaher Wald-
bau, Baumartenvielfalt, Genetische Variation
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In many parts of Europe, close-to-nature silviculture (CNS) has been widely advocated as being the best approach
for managing forests to cope with future climate change. In this review, we identify and evaluate six principles for
enhancing the adaptive capacity of European temperate forests in a changing climate: (1) increase tree species
richness, (2) increase structural diversity, (3) maintain and increase genetic variation within tree species, (4) in-
crease resistance of individual trees to biotic and abiotic stress, (5) replace high-risk stands and (6) keep average
growing stocks low. We use these principles to examine how three CNS systems (single-tree selection, group selec-
tion and shelterwood) serve adaptation strategies. Many attributes of CNS can increase the adaptive capacity of
European temperate forests to a changing climate. CNS promotes structural diversity and tree resistance to stres-
sors, and growing stocks can be kept at low levels. However, some deficiencies exist in relation to the adaptation
principles of increasing tree species richness, maintaining and increasing genetic variation, and replacing high-risk
stands. To address these shortcomings, CNS should make increased use of a range of regeneration methods, in
order to promote light-demanding tree species, non-native species and non-local provenances.

Introduction
Forest managers face the challenge of integrating a long-term per-
spective into their decision-making, because forest production
cycles cover long periods, often exceeding 100 years. While
meeting changing societal demands was always a challenge, site
conditions – especially climate parameters – have generally
been assumed to be more or less constant. This assumption is no
longer valid as the climate is changing, which in turn affects site

factors such as air temperature, water availability (IPCC, 2013),
storm patterns (Blennow and Olofsson, 2008; Donat et al., 2010)
and fire risks (McCoy and Burn, 2005; Moriondo et al., 2006).
Global and regional projections for the direction of change in
these site factors exist, but the speed of change remains uncertain
as does the magnitude and frequency of extreme events (IPCC,
2013).

There is increasing evidence that climate change is already
affecting tree growth and tree mortality (van Mantgem et al.,
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6 strategic principles (to increase adaptive capacities) : 
 1 Increase tree species richness (at the stand scale) 
 2 Increase structural diversity 
 3 Maintain and increase genetic variation within tree species 
 4 Increase resistance of individual trees to biotic and abiotic stress 
 5 Replace high-risk stands 
 6 Keep average growing stocks low 

3 types of close-to-nature silviculture (CNS) 
 1 Single-tree selection, which also includes 

‘continuous forest’ 
 2 Group selection 
 3 Shelterwood 

Single-tree selection has limitations :  
 • very small gaps favour few shade-tolerant species, 

exacerbated if no tending  
 • enrichment planting often not used (browsing 

damage constraint)  
 • rarely uses non-native species with high adaptive 

capacity (Douglas fir)  
 • variant « target diameter harvesting » may decrease 

genetic variation (trees with higher heterozygosity)

The uniform shelterwood system : 
 • has the lowest structural diversity in the long term 
 • but is more suitable for increasing tree species richness 

in the next forest generation, by facilitating the 
introduction of new species or provenances with 
enrichment planting

Shortcomings of CNS : ‘species richness’, ‘genetic variation’, ’replace high-risk stands’ 
➡ employ a larger variation in regeneration methods 
➡ integrate light-demanding tree species, non-native species and non-local provenances 
➡ apply different CNS types at the landscape level 
➡ overcome restrictions aimed at conserving genetic diversity of local populations
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Forest management faces an uncertain future with changing climates and disturbance regimes. Multi-aged forest
management systems represent a promising approach for increasing resistance and resilience, thereby limiting
major disruptions to timber production and other ecosystem services. Multi-aged stands inherently have
greater resistance and resilience to disturbances because of the presence of several age classes and more potential
pathways for post-disturbance management and recovery. The preponderance of research also indicates few dif-
ferences in productivity between multi-aged and even-aged management strategies. These factors combined
suggest that increased adoption of multi-aged management systems will lead to a reduction in long-term risks.
We advocate a disturbance integration management strategy that encourages managers to emulate disturbance
effects with management, anticipate disturbances in planning, integrate the management of residual stand
structures into salvage operations and build variable treatment intervals or cutting cycles into management
regimes.

Introduction
Forest disturbances were historically viewed as rare perturbations
with a low level of predictability and of little value either ecologic-
ally or socially (Pickett and White, 1985; Botkin, 1990; Attiwill,
1994; Oliver and Larson, 1996; Marris, 2011). In recent decades,
an emerging recognition of the ecological value of disturbances
has placed disturbances in the forefront of many forest-based eco-
logical studies (White and Jentsch, 2001; Turner, 2010; Mori, 2011;
Romme et al., 2011;Mitchell, 2013).This is due, in part, to a general
increasing awareness of the commonality and frequency of distur-
bances, and the importance of disturbances in affecting forest
structure, forest development and other forest processes. This
has culminated in an effort to reframe silvicultural activities as
forms of disturbance emulation that direct stands on trajectories
that maintain or restore ecosystem processes and biological diver-
sity. There is an emerging body of literature on emulation of natural
disturbance regimes with forest management (Attiwill, 1994;
Franklin et al., 2002; Harvey et al., 2002; Seymour et al. 2002;
Perera et al., 2004; Drever et al., 2006; North and Keeton, 2008;
Long, 2009; Geldenhuys, 2010). Disturbances are emulated in a
number of ways, ranging from actually integrating forms of a par-
ticular disturbance into management regimes (e.g. prescribed
burning) to designing harvest treatments that leave residual struc-
tures similar to those resulting from natural disturbances (Kohm
and Franklin, 1997; Beese et al., 2003).

Although disturbances are now recognized as important eco-
logical phenomena, they are still viewed as major economic
threats that can rapidly destroy the value of forest investments.
A critical element in the development of modern forest manage-
ment has been the management of disturbance-related risks
and reduction of the uncertainty associated with these risks. Dis-
turbance risks are mitigated through a variety of means including
prevention, control of disturbance agents such as insects or patho-
gens, and distribution of investments across large land areas to
spread risk beyond the boundaries of any single disturbance
event (Kangas and Kangas, 2004; Barbour et al., 2005; Hanewinkel
et al., 2010; Keskitalo, 2011; Yousefpour et al., 2011).

Across some spatial and temporal scales, disturbances exhibit a
certain degree of predictability (i.e. a disturbance regime; White
and Pickett, 1985;Agee, 1993;Turner et al., 2001;Frelich, 2002;Suf-
fling and Perera, 2004). However, characterization of such trends
necessarily relies on retrospective analyses that may not accurate-
ly represent future probabilities. Manyecosystems are currently ex-
periencing rapid changes, and many of these changes are
interacting with natural disturbances. Ecological shifts that may
affect disturbance regimes are numerous and diverse, ranging
from species invasions to climate change to past anthropogenic
suppression of natural disturbances. Thus, disturbance-related
risks are likely to become increasingly important and less predict-
able in the coming decades (Dale et al., 2001; Bodin and Wiman,
2007; Keskitalo, 2011; Mori, 2011; Yousefpour et al., 2011).
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What is close-to-nature silviculture in a changing world?
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Silviculture is a means to meet objectives ranging from timber production to wildlife habitat to naturalness.
A common global trend in forestry is development of new silvicultural approaches as alternatives to plantation for-
estry that bear names that include the words ‘nature’, ‘ecological’ or some other positive expression regarding their
intent or effects. Some approaches are attempting to emulate natural processes and others to minimize disturb-
ance effects in an attempt to be more natural. In any case, the effects of climate changes, non-native plants,
insects, pathogens and animals, and other anthropogenic effects are creating novel forest ecosystems where
the silviculture of the past may not be appropriate. It should be recognized that forestry has always attempted
to manage stands to meet objectives in ways that would not be similarly met without management. Rather
than acquiescing to pressures to follow a nature-based model based on the past, we need to recognize that our
forest ecosystems are changing and the rate of change may accelerate in the future. Natural processes and
stand structures are important information about natural systems, but not necessarily for the management of
these changing systems. Management of these novel ecosystems to meet societal needs will have to be novel.
Rather than striving to be close to a nature that is under constant change, silviculture should strive to be better
than nature. ‘Close-to-nature’ is flawed in both its intent to emulate nature and as a means to meet shifting
ecological conditions and societal needs.

Introduction
A basic premise of forestry is that management produces a broader
array of forest ecosystem benefits and services than can be
achieved without management. Management may vary from
simply salvaging trees before they die, to intensive management
for single use objectives. It can alter the timing and abundance
of these services. It can direct stand development from one struc-
ture to another or shift production from one service to another.
These services may include timber production, water production
or ecological benefits such as resistance to disturbance or ecosys-
tem diversity. Forest management can guide the recovery of eco-
systems damaged by previous human use, natural disaster or
direct the development of non-forest lands to forested conditions.
Without forest management, the amount and combination of
services provided by forests would, in most cases, be less than
with forest management.

In its origins around the world, forestry was an entity focused on
producing wood products such as fuelwood or timber. Silvicultural
practices were developed to manage the forest in ways that were
sustainable, although primarily focused on sustainability of wood
production. In the 1980s, new forestry paradigms emerged that,
in contrast to previous approaches, emphasized the potential to
manage for ecosystem values in addition to more traditional
forest commodities (Franklin, 1989; Gillis, 1990). These ecosystem
management approaches extended the context of the traditional
emphasis on sustainability to include sustaining a variety of values

and services, such as biodiversity over larger scales. In many ways,
these new paradigms were a shift that removed wood production
from being the primary objective of forestryon many lands to being
a bi-product of ecosystem-based management (O’Hara et al.,
1994).

Subsequently, many stand-level silvicultural approaches have
been proposed with names such as holistic forestry, ecoforestry,
common sense forestry, continuous cover forestry, ecosystem
management and others (O’Hara, 2014). Many of these approaches
have borne the word ‘nature’ in various forms, such as nature-based,
near-natural, back-to-nature or close-to-nature. Other names
have included sustainable forestry, ecological silviculture and re-
tention forestry. Indeed, a common theme of these approaches
is a movement away from previous mindsets where nature was
controlled to approaches that attempt to integrate natural pro-
cesses into management or to use natural processes to guide
management.

The names of these alternative approaches serve the purpose of
describing their intent or philosophies. Many of the names convey a
sense of naturalness that is intended to distinguish them from pre-
vious approaches that were more focused on wood production
and, in some cases, abusive. Like all labels, they serve an important
function inside and outside the forestry community: they advertise
or signal new forestry approaches to a society that, in many loca-
tions, has become sceptical of forestry. Treatments in these alter-
native approaches are forms of multi-aged silviculture ranging
from variable retention to selection treatments. A common
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The silviculture of the future will be highly varied and highly flexible, […] recognize the importance of adaptive 
or ‘artificial’ treatments such as tree planting, planting non-native species, moving species beyond their 
native range or developing even-aged forests. These are treatments that will help forestry maintain productive 
forest landscapes in a period of changing climate, conversion of forest land to other uses and expanding 
problems with invasive plants, insects and pathogens. 

If the purpose of a close-to-nature forestry is to persuade a doubtful public that our intentions are good 
and our actions are sound, then why risk alienation by using terms that are misleading ? Why promote a suite 
of treatments that are artificially limited by a selective interpretation of ecology and truly unnatural ? […] 

Whereas our understanding of natural processes and stand dynamics has advanced, rebranding forestry with 
new labels that use the words ‘nature’, or ‘balance’, or ‘holistic’ is really just advertising or a form of 
‘buzzword creep’ (e.g. Park 2011). If existing scientific information is ignored to pursue management strategies 
based on tradition, beliefs or old science, the label of close-to-nature is simply misadvertising
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« La caractéristique principale du naturalisme est son dualisme : s’il a permis, en objectivant la 
nature, d’en développer la connaissance scientifique, il est aussi ce qui permet d’opposer 
l’homme et la nature, alors même que la distinction entre le naturel et l’artificiel, entre histoire 
humaine et histoire naturelle, est de plus en plus difficile à faire » 

Catherine Larrère, 2015. Pour une nouvelle approche de l’idée de « nature ». In « Guide des humanités 
environnementales » (éd. Aurélie Choné, Isabelle Hajek et Philippe Hamman), Presses universitaires du Septentrion

« Nous ne saurions penser et changer la société par les seules sciences. […] En revanche, elles 
ne peuvent plus être tenues à l’écart de nos décisions politiques. […] En ce seul sens, la nature 
entre résolument en politique. 
Et les sciences de la nature constituent dès lors les organes sensoriels de la politique » 

Dominique Bourg, 2 janv. 2016. Les sciences naturelles sont-elles révolutionnaires ? 
http://sciences-critiques.fr/les-sciences-naturelles-sont-elles-revolutionnaires/

Anthropocène : la distinction naturel/artificiel 
est de + en + délicate
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les humains participent évidemment de façon active à la production même des facteurs 
environnementaux qui affectent leur existence et, dans la très grande majorité des cas, 
sans en être conscients et dans la très longue durée

Avec l’Anthropocène, […] 
ce qui s’était opéré de façon non intentionnelle, dans l’essentiel des cas, 
et sur une échelle de temps pluri-millénaire, nous apparaît soudain […] 
comme réclamant une action volontariste à mener dans des délais très courts

notre destinée ne se résume pas à un face-à-face, plus ou moins hostile ou plus ou moins bienveillant, 
entre l’homme et la nature, ainsi que la tradition naturaliste nous avait portés à le croire, mais que cette 
destinée est entièrement dépendante des milliards d’interactions et de rétroactions par lesquelles nous 
engendrons, au quotidien, les conditions environnementales nous permettant d’habiter la Terre

Philippe Descola :  
adaptation, co-évolution et Anthropocène

Sociétés humaines 
(eg amérindiennes)

Ressources naturelles 
Non-humains

Prélèvements, services, connaissance

Pression de sélection…

Descola, P., 2014. Les choix du monde de demain. Presented at the meeting « L’homme peut-il s’adapter 
à lui-même ? Options futures et marges d’acceptation », Collège de France, Paris, 23 mai 2014
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des voies de diversification sous incertitude, 
pour rechercher performance et flexibilité
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Planter des matériels forestiers de reproduction produits en vergers à graines 
peut offrir un meilleur brassage de la diversité génétique initiale

PSY-VG-003- Haguenau 
4,3 ha  

191 « arbres + » sélectionnés dans 
les parcelles autochtones Haguenau 

5 à 17 copies par géniteur  
Répartition aléatoire 

Mode de  Nb allèles Nb allèles  déficit en 
régénération  SPAC 7.14 SPAC 12.5  hétérozygotes  

Régénération   19 + 5  12 + 3 0,282 
naturelle 
(après tempête) 

Verger à                        27    18 0,074 
  graines

Diversité allélique

Diversité plus élevée en verger à graines

Réduction de l’apparentement dans le 
matériel collecté en verger à graines

Pas d’organisation spatiale de la diversité 
en plantation

Source : Catherine Bastien
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Projet GIONO

Changer de ressources génétiques :  
transfert de populations (migration assistée)

■ Vulnérabilité des 
populations en limite Sud 
de l’aire de distribution 

• monitoring/repérage des 
vulnérabilités 

• sauvegarde en pépinière 
• plantation en stations + au Nord 

■ Applications possibles : 
• conservation des ressources 

génétiques 
• soutenir l’adaptation locale 

des espèces en place

Source : Brigitte Musch, Hervé Le 
Bouler, Olivier Forestier, Patrice Brahic, 
Myriam Legay (ONF)
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Performance des Eucalyptus 
sous forte contrainte sécheresse 
(arboretum d’élimination de Caneiret, Estérel)
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Changer de ressources génétiques :  
introduire des espèces thermophiles

Source : ONF (T. Lamant & L. Blaison, 3/2012)
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Test de clones de peuplier 
pour TCR 
Source : C. Bastien & G. Bodineau 
(INRA Orléans)

Améliorer les flux de carbone / hectare :  
créer et utiliser des variétés améliorées 
(la productivité n’est plus secondaire)

Changer de système de production :  
futaie résineuse rapide, TCR, mélange futaie-taillis
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Exemple de co-adaptation forêt-industries :  
raccourcir les révolutions

Source : ONF 
(Gamblin, 21/3/2011)

Sapin-Épicéa - Vosges 
moyenne (sept. 2009-sept. 2010)

Max

90% 
du Max

50
Diamètre (cm)

35

Prix de vente/m3 (unités relatives)

Opportunité de révolutions + courtes : 

‣ réduire les risques abiotiques 

‣ offre + proche de la demande industrielle 

‣ augmenter les flux et la flexibilité
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Poplar (high forest) 
SRC Poplar 
Mix (HF-SRC)

Fast-growing conifers : 
Douglas fir, hybrid larch

Specializa
tion : 

products

Multi-purpose, 
« mainstream » 
management 

National parks, 
natural reserves, 
recreation areas 

Un besoin renouvelé de planification et de 
gestion multi-échelle

Land use planning, forest policy : specialize functions in space, 
e.g. « Triad » (USA, UK)

Very short 
cycle

Standard 
rotation

Assisted 
migration

Plant other 
Oak spec.

Plant exotic 
spec.

Example : diversify regeneration options in Oak management

Natural regeneration

Very short 
cycle

Standard 
rotation

Delayed 
harvesting

Example : diversify rotation ages in Beech management

Natural 
reserve

Improve resilie
nce 

through :

…genetic 

res. m
gt

…prevent 

abiotic 

damages
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Intensification écologique :  
cycles couplés de matière/énergie/information, 
action assumée de l’homme (gérer, apprendre 
par le contrôle et la science, corriger)

_3

« La bioéconomie suppose une anthropisation réussie de la biosphère » 
(Michel Griffon, 5 mai 2015, restitution prospective UE SCAR-4)
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Bioéconomie : circularité
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Cycle de la biomasse : 
recherche d’efficacité, réduire les 
fuites, utiliser les ≠ tissus au meilleur 
de leur potentiel, ré-utiliser
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BIOMASSE

CHAUDIERE

15

PLANTE
(prélèvement ; statut nutritif ;

croissance ; sous-bois)

CENDRES
(composition ; propriétés)

BIOCHIMIE DU SOL
(microflore ; solutions ;

statut acido-basique ; C N …)

TRANSFERTS
SOL-PLANTE

Source : Augusto et al. (2014) - Les intrants sont-ils nécessaires 
pour développer durablement la fonction de production ?

Carte de France du pH des sols forestiers, 
échelle 1km, ©IFN, LERFoB

Recycler vers la forêt les nutriments exportés,  
stratégies possibles de flux calcaire → acide

Restitution ou recyclage 
des cendres de chaufferie



Objectif Indicateur Valeur 
2009

Cible 
2020

Récolte durable  
Le potentiel de récolte durable est celui fixé par les aménagements forestiers

Rapport entre récolte constatée et le potentiel 1,0 1,0

Une sylviculture proche de la nature  
Ce concept est basé sur les connaissances scientifiques actuelles concernant  le 
changement climatique et sur la prise en compte des exigences sociétales

Mélanges d‘essences naturels ou proches du naturel (classification de 
l‘inventaire forestier) en % de la surface 

55 %  57 %

% de la surface où la régénération est proche du « potentiel » naturel 
Régénération naturelle ou assistée en % de la surface 68 % 70 %

Protection du sol 
Maintien sur le long terme de toutes les fonctionnalités du sol

Amendement calcaire (ha/an) 4.511 ha 4.800 ha

Biodiversité 
La diversité des habitats et des espèces associées est garantie

Îlots de sénescence, réserves biologiques, réserves forestières et 
zones centrales des réserves de biosphère 9.303 ha 24.500 ha

Équilibre forêt-gibier  
Le niveau des  populations de gibier ne compromettent pas la régénération 
naturelle

% des territoires de chasse dans lesquels la régénération naturelle est 
impossible sans protection

Sapin: 7 %  
Chêne: 16 %

Sapin: 2 %  
Chêne: 10 %

Protection du climat  
La gestion forestière contribue à la protection du climat Bilan Carbone À calculer

A déterminer à 
partir de la 

valeur initiale

Une production précautionneuse de l‘environnement 
Des moyens et des procédés de production précautionneux de l‘environnement 
sont mis en oeuvre et développés

Dégâts aux peuplements [%] 17 % < 17 %

Objectifs stratégiques du ForstBW, Dimension Écologique
Source : Martin Strittmatter (Directeur forestier du Land Bade-Wurtemberg), 7 mars 2011 (colloque ONF)

Chez nos voisins : les amendements, pratique &  
indicateur écologique de gestion durable
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Chaîne logistique intégrée : meilleur usage de 
l’information liée au process de production

Source : Barry Gardiner (25/1/2015)

Ajustement-régulation : attribut 
important des systèmes écologiques 
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❖ Dépasser le modèle de transfert linéaire inauguré avec la plate-forme CAPSIS : 
▪ Transférer des méthodes et plus seulement des connaissances – le cas de 

la télédétection 
▪ Vérifier la robustesse 
▪ Valider en contexte opérationnel 
▪ Modes opératoires, outils…

R&D = Mise au 
point et validation 
sur cas d’études

Résultats de la 
Recherche

Analyse  
des besoins

Utilisation 
opérationnelle

Démonstrateurs  
= validation en 

conditions réelles

Pilotes  
= tests avant 
déploiement 

Source : ONF (Anne Jolly & Myriam Legay, 2014)

Modèle d’innovation par boucle d’apprentissage
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Conclusions

❖ Transition dans la gestion durable & enjeux climatiques : 
❖ détecter/analyser dommages, anticiper des crises macro- 
❖ utiliser de + en + les forêts existantes et planter 
❖ réduire coûts de transaction (intégration, contractualisation) 
❖ optimiser l’usage global des fibres et de l’énergie 
❖ sols forestiers : usage + ciblé & + efficace  

❖ Quelles questions soulève l’intensification écologique ? 
❖ cycles imbriqués écosystèmes-artefacts urbains : précaution 
❖ gérer ensemble risques climatiques & impacts des pratiques 
❖ information & planification : renseigner, contrôler, corriger, 

diversifier, arbitrer ; optimisation et viabilité 
❖ articuler résiliences écologique & socio-org. (multi-échelle) 



������
Obrigado 
Thank you 
Merci

« La bioéconomie suppose une anthropisation réussie de la biosphère » 
(Michel Griffon, 5 mai 2015, restitution prospective UE SCAR-4)
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Annexes
_6



http://www.cartotem.fr/lemploi-et-le-territoire/
via 
André Torre

@TorreAndr

https://twitter.com/TorreAndr
https://twitter.com/TorreAndr


DES RESSOURCES NOUVELLES DANS DES RÉGIONS AUTREFOIS NON FORESTIÈRES

Des nouvelles ressources plutôt : 
• Feuillues > résineuses 
• Forêts privées > collectivités > domaniales 
• Régions autrefois non forestières 

PrélèvementsCapitalisation

Source : IGN (1/12/2015)

1981-2009 2005-2011

Merci à J.C. Hervé (déc., 2015)



 Figure 3. The Enzootic Cycles of Borrelia burgdorferi and Babesia microti in the Northeast and Upper Midwest of the USA. Ixodes 
scapularis ticks undergo a three-stage life cycle. Adult female ticks lay eggs in the spring (first year, top-left panel). Although ...

Maria A. Diuk-Wasser,  Edouard Vannier,  Peter J. Krause. Coinfection by Ixodes Tick-Borne Pathogens: Ecological, Epidemiological, 
and Clinical Consequences. Trends in Parasitology, Volume 32, Issue 1, 2016, 30–42, http://dx.doi.org/10.1016/j.pt.2015.09.008

Bien sûr, les cycles de la nature ne fournissent 
pas que des services écosystémiques…

Merci à J.F. Cosson & M. Vayssier (janv. 2016)

http://dx.doi.org/10.1016/j.pt.2015.09.008
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Des crises à des échelles inusitées (temps/espace)

Mountain Pine Beetle outbreak in Western North America 
Source : http://ngm.nationalgeographic.com/2015/04/pine-beetles/epidemic-map


