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Abstract There is a growing demand for alternatives to
Sweden’s current dominant silvicultural system, driven by
a desire to raise biomass production, meet environmental
goals and mitigate climate change. However, moving
towards diversified forest management that deviates from
well established silvicultural practices carries many
uncertainties and risks. Adaptive management is often
suggested as an effective means of managing in the context
of such complexities. Yet there has been scepticism over its
appropriateness in cases characterised by large spatial
extents, extended temporal scales and complex land
ownership—characteristics typical of Swedish forestry.
Drawing on published research, including a new paradigm
for adaptive management, we indicate how common
pitfalls can be avoided during implementation. We
indicate the investment, infrastructure, and considerations
necessary to benefit from adaptive management. In doing
so, we show how this approach could offer a pragmatic
operational model for managing the uncertainties, risks and
obstacles associated with new silvicultural systems and the
challenges facing Swedish forestry.

Keywords Climate change - Forest management -
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INTRODUCTION

Since the 1950s Swedish forests have primarily been
managed using rotational clear-cutting of even-aged con-
ifer-dominated stands (SFA 2009). In recent years,
increasing pressure for more diversified management has
been coming from multiple directions, including gover-
nance trends related to climate change, energy supply and
environmental protection (Sandstrom and Sténs 2015).
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There are also vulnerabilities and uncertainties related to
climate change that will require enhanced adaptive
capacity (Larsson et al. 2009, 2014). The adoption of a
more diversified silviculture, including changes to the
methods by which forests are managed, harvested and
regenerated, will likely be needed to meet these challenges
and the increasing variety of demands placed on them by
society.

However, applying new methods also carries significant
uncertainties and risks, for example, those associated with
the projected performance of management (Seidl and Lexer
2013) or potential adverse impacts on forest values other
than timber or biomass (Gamfeldt et al. 2013). Forest
owners or managers may be hindered in adopting new
methods by ecological complexity and uncertainty, as well
as uncertainties regarding changing trends and markets for
forest products (Ulmanen et al. 2012). Inflexible legislation
(due to the requirement that management must be based on
scientific evidence or proven experience) and tradition, or
culture among professional silviculturalists may also be
obstacles (Larsson et al. 2009; Puettmann et al. 2015; SFA
2015).

Expansion of the range of silvicultural methods requires
a rigorous means of evaluation including consideration of
risk and uncertainty in long-term planning (Yousefpour
et al. 2011). Adaptive management (AM) (Holling 1978;
Walters 1986) is advocated as a means to tackle some of
these challenges (Yousefpour et al. 2011; Temperli et al.
2012; Felton et al. 2013) and is now being actively con-
sidered by the Swedish government (SFA 2013b; Larson
et al. 2014). In November 2012, the Swedish Forest
Agency (SFA) and the Swedish University of Agricultural
Sciences (SLU) were asked by the Swedish government to
evaluate the potential for implementing Adaptive Forest
Management (AFM) in Sweden, opening a window for
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greater experimentation. The expectation is that this model
of AM will allow assessing new silvicultural methods that
might better meet the joint policy goals of biomass pro-
duction and environmental status, for which, however,
there is currently limited practical experience or scientific
knowledge (SFA 2013b). Given that the benefits of AM are
desired, and its implementation in Swedish forestry is
being actively planned for, there is a need to reflect and
learn from documented previous experience with AM, as
well as the latest advances in the AM paradigm to help
ensure the best possible outcomes (Rist et al. 2013).

The current Swedish government initiative differs from
many previous experiences with AM in that such a pro-
gram is being envisaged to take place at a national level
with many forest owners involved. Previous large-scale
implementation of AM has taken place mainly on gov-
ernment-owned land, for example, The Northwest Forest
Plan (NWFP) in the Pacific Northwest region of the
United States. The NWFP aimed initially to protect critical
habitat for the northern spotted owl (Strix occidentalis
caurina) and later came to deal with sustainable forestry,
non-timber forest products and habitat protection more
generally. The plan is still in operation today 20 years later
(Bormann et al. 2007; Winkel 2014; Davis et al. 2015). In
Sweden, use of AM to date has also been at smaller scales
with a focus on co-management processes rather than
technical learning and experimentation (Sandstrom pers.
comm.).

Thus, specific guidance is therefore needed to highlight
and help resolve the challenges of applying AM in a con-
text characterised by large spatial and temporal scales, and
multiple land tenures. In this paper, we offer such guidance
by reviewing the major pitfalls likely to be experienced
during vital stages of AM implementation, and provide a
potential means of navigating these hazards. Our focus is
specifically on implementation of an AM process (techni-
cal learning), rather than the policy and governance process
within which management is embedded (institutional
learning). Furthermore, whereas we cannot provide pre-
scriptive answers regarding issues to be determined by the
AM process itself and its participating forest owners and
stakeholders, we can provide guidance by synthesising up
to date and relevant knowledge regarding common pitfalls
and potential solutions relevant to successful AM imple-
mentation and goal fulfilment. We indicate the investment
and infrastructure necessary to benefit from AM and
highlight key issues requiring particular attention and long-
term sustained commitment. In doing so, we show how AM
could indeed provide a model for managing the uncer-
tainties, risks and obstacles associated with the establish-
ment and use of new silvicultural methods in Swedish
production forestry.
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SWEDISH FORESTRY

The dominant silvicultural system in Sweden is one of
clear-cutting with a rotation length varying from 50 to
140 years. This system aims to maintain an even age-class
distribution and a steady flow of timber, while taking into
account other ecosystem services at the stand and land-
scape levels. Timber production is primarily achieved
using two native conifer species, Norway spruce (Picea
abies) and Scots pine (Pinus sylvestris). Approximately
half of all of Sweden’s forests are owned by private indi-
viduals but ownership structure varies significantly
between different parts of the country. In the north, the
proportion of forests owned by the state and private cor-
porations is much higher than in the south. Forest owners
and government agencies are interested in a range of
alternative silvicultural methods and systems including, for
example, the use of introduced or improved tree species,
broadleaf mixtures, shortened rotation times, increasing
fertilisation intensity, continuous cover forestry, short-ro-
tation bioenergy, and forest residue extraction (Sandstrom
et al. 2011; Dahl et al. 2014).

The Swedish Forestry Act requires equal consideration
of timber production and environmental values in managed
forests, and approximately 75 % of the Swedish forestland
is actively managed with this multiple-goal perspective
(SFA 2013a). Paralleling the development of Swedish
forest policy, there has also been a rapid increase in forest
certification within Sweden, resulting in over 70 % of the
managed forest certified according FSC (Forest Steward-
ship Council) and/or PEFC (Program for the Endorsement
of Forest Certification). While stated to be of equal
importance in Swedish law, in practice production is often
prioritised over biodiversity (Ulmanen et al. 2012; SFA
2013a); for example, many intensive methods to increase
forest productivity have been found to have adverse
implications for forest biodiversity (e.g. Ranius and
Roberge 2011). The 1993 Forestry Act is based on the
principle of “Freedom-under-responsibility” and is more
oriented towards overall goals than specific regulations
(Kjellin 2001). In practice, this means that forest owners
have considerable autonomy in how to manage their forest
as long as economic viability and biodiversity are both
taken into account and that the applied methods are well
known and based on scientific evidence or proven experi-
ence. In terms of diversification options, the industry cur-
rently focuses on exploring changes in silvicultural
methods (e.g. biomass extraction, fertilisation or shortened
rotation times), while placing less focus on alternatives that
may be more consistent with multi-use goals, i.e. alterna-
tives to a clear-cutting system (Gustafsson et al. 2012;
Felton et al. 2016).

@ Springer



S142

Ambio 2016, 45(Suppl. 2):S140-S151

The capacity to deliver multiple ecosystem services is a
need highlighted in forest policy discussions (e.g. Larson
et al. 2014) yet there is little specific reference to many
social and aesthetic values. In addition, a narrow range of
actors (i.e. those owners who decide to engage in the
application of new methods) still seem to characterise
decision-making processes (Sandstrom and Sténs 2015).
Thus, new approaches are recognised as needed to tackle
the challenges associated with managing for multiple goals,
as well as navigating the ecological uncertainties of man-
agement and new pressures from climatic change related
trends.

ADAPTIVE MANAGEMENT

Adaptive management (AM) (Holling 1978; Walters 1986)
has been put forward as a way of managing natural
resources in the face of uncertainty. Emerging originally as
an experimental and rather quantitative approach to reduce
uncertainty in management, AM’s appeal has led to a
broadening of interpretations to include the social, politi-
cal, and institutional contexts of management, for example,
with ideas of adaptive co-management and adaptive gov-
ernance. Here, we focus specifically on the original concept
with its focus on experimental management and technical
learning.

AM is management that purposely and explicitly redu-
ces ecological uncertainty (Holling 1978; Walters 1986). It
embraces the idea that where knowledge about potential
management choices is lacking, the best way to learn about
those choices is through direct comparisons of their per-
formance in the field, i.e. through planned experimentation
(Walters 2007). In addition, AM emphasises collaboration
and participation, both to reduce potential conflicts and
enhance the base of knowledge contributing to the process
(Holling 1978).

Since the emergence of AM it has been discussed and
applied by varying groups including scientists, politicians,
resource management authorities, etc., all motivated by
different objectives and thus bringing different points of
focus. Significant disagreements and confusion exist in the
literature regarding the suitable circumstances for AM
application (Rist et al. 2012). For example, the presence of
highly controversial risks, extended temporal or spatial
scales, or high uncertainty regarding the biological and
ecological relationships that drive resource dynamics, have
all been judged to predispose to the likelihood of an
unsuccessful application of AM (e.g. Gregory et al. 2006;
Doremus et al. 2011). As a result, some suggest that AM is
not well suited to tackle the type of large complex uncer-
tainties that the shift of an entire production forestry system
may entail (Norgaard et al. 2009). However, Rist et al.
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(2013) showed that much of the pessimism surrounding
AM lacked empirical support and presented a new frame-
work for deciding when AM is appropriate, feasible, and
subsequently successful. This framework shows that there
are no categorical limitations to AM’s appropriate use, the
boundaries of application being defined by problem con-
ception and the resources available to managers. Rist et al.
(2013) highlighted AM as a technical management tool,
thus separating the concept from the burden of failures that
result from the complex policy, social, and institutional
environment within which management overall occurs.
This new paradigm suggests that AM can handle complex
and complicated environmental problems, given adequate
resources and a suitable breakdown of the targeted uncer-
tainties (Rist et al. 2013). Thus, the challenge is to provide
adequate guidance for AM implementation, drawing from
this enhanced theoretical understanding as well as lessons
learnt to date from its implementation (e.g. Lee 1999; Shea
et al. 2002; Reeves et al. 2006; Bormann et al. 2007; Davis
et al. 2015).

AVOIDING COMMON PITFALLS

We assume that while a central institution (“core group”)
would provide support and coordination for implementa-
tion efforts, practical implementation of new silvicultural
methods would ultimately be the choice and responsibility
of those forest owners (including the state, private indi-
viduals and forest companies) who decide to engage in
such a new opportunity—we refer to these as “owners”.
Others engaged in, but not necessarily directly involved in
implementation, for example, nature conservation
groups—are referred to as “stakeholders”. A central
institution would offer a “container” for the AM process
and a meeting place for authorities, owners and stake-
holders. Below we set out key issues, guidelines and tasks
according to three phases: (1) initiation; (2) planning and
preparation; and finally, (3) operationalisation (Fig. 1). It
should also be noted that the boundaries between phases
are overlapping and therefore should not be viewed too
rigidly.

Phase 1: Initiation of adaptive management
Acknowledge constraints and the need to coordinate efforts

Coordinated, landscape-scale action will be necessary for
any significant AM effort in forestry, which to be effective
will need to occur across areas under different tenures and
managed by different organisations or private individuals
with different priorities and values. Approximately 50 % of
forestland is privately owned in Sweden, a major contrast
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Fig. 1 The AM process including initiation, planning and operationalisation

to examples of AM implementation in, for example, the US
and Canada, across large areas of public land (e.g. Moir
and Block 2001; Davis et al. 2015). Multiple private
landowners (or their representative organisations) would
therefore be central participants in the AM process.

The participation of other stakeholders, particularly
those who may lack trust in the nature of the process, may
be more of a challenge. For example, where there is a
history of distrust between environmental organisations
and governmental bodies, environmental organisations
may decline involvement altogether. Similarly, industry
may not see it as being in their interest to participate in a
process likely requiring compromise between environ-
mental and production interests. Such an absence may
greatly decrease the likelihood that the core group is, or is
perceived to be, an organisation representative of relevant

© The Author(s) 2016. This article is published with open access at Springerlink.com
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actors’ interests. There is no simple answer to such chal-
lenges (Bodin et al. 2006; Reed 2008; Stankey and Henry
2009). Building trust is unlikely to be achieved if there are
inherent power imbalances in the process itself, for
instance in defining what are or are not considered to be
unacceptable outcomes (phase 2). This is particularly rel-
evant in the context of more intensive forestry measures if
ecological risks are not adequately accounted for in
experimental management plans or monitoring and evalu-
ation protocols. Trust is especially likely to be lost if the
AM process is suspected to be merely a conciliatory
paradigm employed to ease the transition towards contro-
versial forestry practices, such as in the advocated expan-
sion of the use of intensive fertilisation or introduced tree
species. Participation must therefore take place from the
earliest stages and in all subsequent planning, monitoring
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and evaluation (McLain and Lee 1996; Ludwig et al. 2001;
Stringer et al. 2006).

Power imbalances may likewise create disincentives for
other stakeholders to participate. Participation is unlikely if
the current status quo is considered more desirable than
being seen as participating in an AM process that results in
decisions which conflict with their interests or established
positions. Unfortunately there is an inherent potential for
alienating some stakeholder groups. Those forest owners
and stakeholders who are generally empowered may avoid
processes that try to redistribute power, whereas those who
are disempowered may see little benefit in joining a process
in which such imbalances are not rectified. Such efforts are
nevertheless vital if the AM process is to be as effective as
possible.

AM was originally conceived as a process dependent on
a small, predominantly scientific core group with cross-
disciplinary expertise acting as a node for integrating
information and coordinating management action and
evaluation processes (Holling 1978). For the reasons
described above, we envisage that in order to increase the
likelihood that AM is successfully implemented, the core
group may need to be created as a new independent
institution. In will also need to embrace a more hetero-
geneous group of actors with diverse interests (Plummer
and Armitage 2010). The process by which group mem-
bers are selected and according to which criteria also
needs careful thought to ensure involvement and interac-
tion with the full range of national actors. This is similarly
the case in processes of decision-making and communi-
cation. In a review of AM case studies from North
America and Europe, Gunderson et al. (1995) reported the
“extreme nature of the recalcitrance or inertia of institu-
tions, and the almost pathological inability to renew or
restructure”. Were the core group to be established within
an existing organisation, the risk of such ‘recalcitrance’
may be higher.

Key to success in the shorter term would be that the new
institution has legitimacy, independence and is free of a
limiting institutional history. In the longer term, institu-
tional flexibility and the ability to transform and adapt will
be key (Young 2009). This does not rule out the possibility
that successful outcomes can be achieved by AM units
created within existing organisations, merely that legiti-
mate concerns can be raised regarding their potential for
success, especially if the processes that have led to past
failures are not actively acknowledged and dealt with.
Either way, the group leading implementation must be
methodical in their approach to its design and implemen-
tation. This includes committing to substantive manage-
ment criteria, engaging fully in actor participation, and
resisting the temptation to employ AM to dodge burden-
some forestry regulatory requirements.
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Ensure a clear understanding of AM

With owners voluntarily joining the AM process, its suc-
cess requires that participants recognise AM as an appro-
priate and potentially effective means of addressing the
management objective to explore potential alternative sil-
vicultural methods. For this to take place, sufficient
understanding of what is entailed in an AM process is
required by these individuals and groups. Such under-
standing helps to ensure that unexpected and potentially
undesirable experimental outcomes will be seen as a source
of learning and to improve subsequent decision-making,
rather than as liabilities to the AM process (Allen and
Gunderson 2011). History shows that where this does not
occur, and those involved are not adequately familiar with
the purpose of AM, or otherwise not committed to a
learning process, effective learning and decision-making
will be limited (Walters 1997; Bormann et al. 2007).

An explicit but simple formulation of the task facing the
core group, and those owners involved as active partici-
pants, may be required to assist with this. For example, the
task might be articulated as “to explore a range of silvi-
cultural alternatives and assess the degrees to which they
perform according to specified criteria, including, for
example, in relation to production and impacts on alter-
native forest values”. By grounding the task in simple
terms a common focus to gather around can be provided.

Policy obstacles AM implementation may also face
obstacles in terms of existing regulatory frameworks
(Benson and Stone 2013). The current legal framework in
Sweden is considered by some to lack the flexibility that is
required to develop, discuss and implement alternative
silvicultural systems or new measures (Larsson et al. 2009).
This static nature may actually enhance the vulnerability of
forests (e.g. to climate change) or weaken opportunities to
respond to new demands. But reforms would require a
careful balance to retain important restraints on the use of
methods that could be detrimental to other forest values,
while still permitting space for those alternatives that are
chosen for experimentation. Furthermore, the current
political context may not provide the incentives necessary
to engage forest owners in an AM program that requires the
cooperation of a multitude of heterogeneous actors
(Westley et al. 2010). To some extent, reform of the current
legal framework, or how the framework is applied, may be
required in order to facilitate AM (Ruhl 2008; Ruhl and
Fischman 2010; Benson and Stone 2013), in particular in
relation to effective monitoring (SFA 2013b), and overall
support for broader participation. In addition, that AM
procedures cannot substitute for showing that a plan will
meet substantive management criteria required by law must
be recognised (Ruhl and Fischman 2010).

© The Author(s) 2016. This article is published with open access at Springerlink.com
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Phase 2: Planning and preparation
Identify key ecological uncertainties

The assimilation of existing knowledge is a core element of
AM. This would involve identifying relevant individual,
institutional, and published sources of knowledge regard-
ing potential alternatives, including the bringing together
of representatives of organisations that are potential sour-
ces of such knowledge. Discussion to clarify where
understanding is solid and where it is more limited would
be required, for example, on specific silvicultural methods
in terms of production values or potential ecological
impacts. Such a process of knowledge gathering illumi-
nates more clearly the priority uncertainties and would
include elaboration of potential management actions,
indicators, as well as time horizons and spatial extents
(Holling 1978).

For example, in relation to the use of introduced tree
species as one potential new silvicultural alternative with a
focus towards climate adaptation, many candidate species
are already planted to greater or lesser extents in different
parts of the country (Forest Europe 2011). Some stands are
close to maturity and potentially able, with the appropriate
study design, to provide relevant information. Information
on issues including invasive risk in surrounding habitats,
pest or pathogen occurrence, hybridisation potential, sus-
ceptibility to browsing pressure, as well as growth rates and
production values (Felton et al. 2013). Information relevant
to filling knowledge gaps is likely to be dispersed among
private forest owners, forest companies, other actor groups
and the scientific literature as well as senior researchers at
government institutions and universities, emphasising the
key coordination role of the core group in bringing avail-
able knowledge together.

The identification of those uncertainties most important
to management is a key stage. Conceptual models may be
used to indicate biological or physical variables, processes
or parameters as well as management interventions that are
sources of uncertainty with regard to specific silvicultural
alternatives (Holling 1978; Walters 1986). Such models
can then form the basis for on-going learning (Holling
1978; Walters 1986). For example, in the context of
increasing fertilisation intensity, a simple model may rep-
resent associations among fertilisation intensity, annual
growth, forest structure and leakage of nitrogen to
groundwater. Contrasting hypotheses about the impact of
fertilisation on annual growth are then easily incorporated
into different versions of the model by describing different
functional relations between fertilisation intensity and tree
growth rates. In addition, contrasting hypotheses about the
influence of fertilisation on biodiversity values can be
incorporated by describing species diversity and richness in

© The Author(s) 2016. This article is published with open access at Springerlink.com
www.kva.se/en

terms of either fertilisation directly, or forest structure
indirectly. In combination, these hypotheses define differ-
ent models, each with its own predictions about fertilisation
impacts and each with its own measure of confidence that
evolves over time. The models and their measures of
confidence characterise structural uncertainty, which is
reduced as management actions are taken and monitoring
data are used to update the confidence measures. Learning
is expressed through the updating of these measures and
can be taken forward in, for example, an annual process of
setting fertilisation protocol advice or guidelines.

Monitoring

Monitoring programs are crucial to effective AM (Holling
1978; Bormann et al. 2007). A central tenet of the AM
paradigm is that monitoring has to be adequate to detect
change resulting from the management applied. It therefore
follows that where management effects accrue over long
time periods, coordinated monitoring will also have to
occur over a long period of time (Lindenmayer and Likens
2010a). Replicated experimental designs, no matter how
elegant and rigorously implemented, may substantially fail
the test of management relevance, if the integrated effects
of dynamics that vary idiosyncratically over multiple time
and spatial scales are not experienced (Russell-Smith et al.
2003). Continuing with the fertilisation example above,
testing the predictions of competing models that aim to
assess the potential for negative biodiversity impacts, may
require repeated frequent monitoring over the space of a
few years. Other methods or interventions may require
monitoring over a number of decades. To achieve this, in
addition to explicit experimental designs, AM requires the
specification and documentation of comprehensive moni-
toring protocols, including individual owners and actors
roles, relationships, and responsibilities in the implemen-
tation, assessment and evaluation of management. A key
role of the core group will be to meet these needs,
including, for example, in the development of Standard
Operating Procedures and producing specific monitoring
protocols to facilitate standardised implementation as well
as collection and collation of data and coordination among
the organisations or individuals involved.

Without securing a long-term commitment to provide
adequate financial support, the processes knowledge-basis,
AM cannot succeed. This investment and commitment to
monitoring will have to be adequately scaled to the nature
of the uncertainty being addressed (Bormann et al. 2007).
Due to the repeated calls for investment in environmental
monitoring programmes over previous decades, it may be
possible for AM monitoring programs to make some use of
established monitoring protocols, expertise and infrastruc-
ture, rather than developing parallel systems. The recently
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established Swedish Infrastructure for Ecosystem Science
(SITES) could have a role to play, as could building
structured and replicated experiments around ongoing
forest management operations (e.g. Bunnell and Dunsworth
2009; Lindenmayer and Likens 2010b).

For Swedish forestry, the spatial scale is extensive, the
temporal scale protracted, and the information sources
scattered among various forest owners, forest organisations
and other actors. A failure to adequately account for such
logistical obstacles, and specifically to coordinate moni-
toring methodologies, will make it unlikely that AM can
meet expectations. There is an extensive literature on how
to develop effective monitoring programs that would
require detailed consultation if the many associated
obstacles and pitfalls are to be avoided (e.g. Lindenmayer
and Likens 2010a, b). As well as status and trend moni-
toring with a focus on changing physical, chemical, or
biological attributes over time, implementation and effec-
tiveness monitoring will also be needed. Implementation
monitoring to ensure that the work that was proposed was
actually completed successfully. Effectiveness monitoring
to evaluate whether the overall objectives have been met,
including at different scales. For example, a full monitoring
system might include a reporting template for monitoring
status or trends as well as a report card that owners use to
self-report information related to compliance with the
requirements of the monitoring program. A third-party
audit system that assesses the reliability of owners’ self-
reporting may also be used.

Response variables and decision rules

Selecting specific variables for an assessment and moni-
toring framework requires the incorporation of the values
and risks of relevant parties, while recognising that per-
ceptions of risk will most likely vary across stakeholder
groups (Weiss 2001). Variable choice is thus a value-laden
process, and consequently, the selection of variables usu-
ally reflects the values of the main participants. This further
highlights the importance of representation and participa-
tion mechanisms (phase 1). Management actions and
experiments must also be designed and planned such that
they relate directly to reducing the uncertainties they are
intended to address (Lindenmayer and Likens 2010a). For
example, experiments must match operational approaches
and scales in order to permit direct transfer of these efforts
to the actions of forest managers (Walters and Holling
1990).

AM also requires ‘decision rules’ or stopping thresholds
and a priori agreement on target values (Holling 1978;
Walters 1986). When changes are detected, for example,
those relating to potentially negative impacts on ecological
forest values, specific decision rules must already be in
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place, which determine what actions are to be taken at what
point. These decision rules need to be in relation to the
uncertainties and areas of knowledge that have been pri-
oritised. For example, in trying to tackle the challenge of
climate change, managers need to be actively aware of the
risk that efforts could exacerbate other environmental
problems, such as biodiversity loss—thereby creating the
so-called “bio-perversities” (Lindenmayer et al. 2012).
Such trade-offs could arise in Sweden if efforts to adapt to or
mitigate climate change, come into conflict with the sub-
stantial efforts that have been directed towards improving
habitat suitability in production forests. For example, log-
ging residue extraction for bioenergy production can readily
come into conflict with efforts to increase dead-wood
availability in production stands (Ranius et al. 2014).

Likewise, the increased use of introduced tree species
could result in the invasion of sensitive ecosystems,
exacerbate pest and pathogen outbreaks, or directly chal-
lenge the effectiveness of conservation considerations (e.g.
green tree retention) taking place in production forests
(Felton et al. 2013). Thus, if we decide to implement a new
silvicultural measure with the objective to learn more about
its production values and impacts on biodiversity, then we
must decide in advance what form and level of undesirable
outcome is sufficient to cease or greatly limit the further
use of that method. Thresholds may also be determined in
relation to disappointing growth rates and wood-quality
values which if crossed, would also require a correspond-
ing shift in management strategies. Such decision rules
would require significant discussions via the core group
and wider consultation processes with stakeholders given
the inherent choices regarding what and whose values are
prioritised and what choices are made regarding potential
risks and benefits (Leach et al. 2010).

An additional key challenge related to institutional
learning rather than technical learning, is whether the
decision-making structure of adaptive management can
itself be adaptive; that is, whether the knowledge and
experience gained in its application can be reflected in
higher-level structural adjustments where needed, includ-
ing those gained with the inputs from experts and the
public. Unravelling these policy and institutional issues
will require innovative mechanisms for producing effective
dialogue and new ways of handling disputes within a
process that all parties regard as fair (Marald et al. 2015).

Phase 3: Operationalisation of adaptive
management

Knowledge transfer

While supported by the core group and other organisations,
practical implementation of new methods will ultimately

© The Author(s) 2016. This article is published with open access at Springerlink.com
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be the responsibility of forest owners including the state,
private individuals and forest companies. Thus, clear doc-
umentation including standard operating procedures and
effective channels of communication will be required to
maximise the potential for feedback and learning in prac-
tice. Some operational tasks may take place as manage-
ment directly implemented by owners, others as supporting
research or coordination managed by the core group.
Several organisations may already be well positioned to
tackle some of the prioritised uncertainties, including those
based on active experimentation, natural experiments,
monitoring, modelling, and simulations. Others may have
the communication experience and networks to contribute
with.

The literature is rather clear on the important role of
institutions in implementing AM and the need for new
approaches are needed in this respect (Gunderson 1999).
However, it pays less attention to the question of precisely
what types of institutional structures and processes are
required for success, particularly in relation to large spatial
contexts, extended temporal durations and complex land
ownership. McLain and Lee (1996) argue that the rationale
for adaptive learning in management systems rests on three
key elements: (1) rapid knowledge acquisition; (2) effec-
tive information flow; and (3) processes for creating shared
understandings. Structures and processes that encompass
these elements would be needed, including mechanisms for
communication between the core group and implementing
forest owners. Specifically, these would need to deal with
integration, data availability and the time intervals of
management decision-making. There may in fact be a need
to explore alternative institutional structures and processes,
such as how to integrate local knowledge and alternative
values into decision-making processes, in order to identify
those processes most likely to be successful. The core
group should thus be nested across scales and governance
levels (Plummer and Armitage 2010). Attention to the
growing adaptive co-management and environmental
governance literature, including in relation to institutional
learning, could provide valuable further guidance (e.g.
Armitage et al. 2009; Plummer 2013).

Research on knowledge systems for meeting sustain-
ability objectives has shown that managing boundaries
between knowledge and action in ways that simultaneously
enhance the salience, credibility and legitimacy of the
information they produce are key (Cash et al. 2003). To be
effective, the institutional mechanisms in this process will
need to facilitate active, iterative, and inclusive commu-
nication with owners and other stakeholders; open channels
of communication and shared understandings, as well as
active mediation of conflicts (Cash et al. 2003). In practical
terms, mechanisms of coordination including specific
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implementation guidelines and protocols for management
(see phase 2) will be needed. For example, establishment of
a ‘Multi-Stakeholder Information System’ to provide
background ecological knowledge and best practice
guidelines, as well as other functions, may be advisable
(Fig. 2). Such an information system could draw on the
experience and knowledge of all relevant actors. It could
also be Internet-based (Allen et al. 2001), and could be
designed as an open-ended platform that can be continually
updated as new information becomes available through
research and monitoring. In this way, different groups or
organisations could maintain control over their own
information, while sharing a common ‘gateway’ (Fig. 2).

Scale of adoption

Risk spreading may be a desirable way of addressing
uncertainty in relation to climate change associated threats
to forestry (Lindner et al. 2014). In such a case, identifying
target levels of diversification (of silvicultural measures)
and which owners contribute to those targets would be
needed. Without effective management options for reduc-
ing vulnerabilities, and suitable scales of implementation,
the true extent of the challenge will be left unidentified,
making it highly likely that responses will be dispropor-
tionate, insufficient, or simply misguided.

Funding is likely to be a major issue throughout all three
phases. Long-term government support earmarked for, for
example, climate change adaptation objectives or the
potential new National Forest Program would facilitate the
work of the core group itself and the process more broadly
(SOU 2007; SFA 2013c), yet current indications suggest
this is unlikely. Some forest owners may be willing to
participate, perhaps motivated by the potential to increase
forestry profits, but government financing will be required
to support owners in monitoring and evaluation costs,
particularly where actions are motivated by values other
than production, e.g. biodiversity conservation (Bormann
2007). A discussion also relevant to core funding regards
the responsibility for unforeseen or undesired impacts. For
example, if private industry wishes to try an introduced
species and that species later establishes substantial popu-
lations within protected areas, who is then responsible for
eradication efforts if they are deemed necessary?

Societal acceptance

Additional challenges relate to how the technical process of
AM can be embedded within a broader framework that
deals with the social, political, and institutional context of
management. While we focus on technical learning it is
also important to recognise the intersection between tech-
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Policy makers:
Local government
Other agencies

Conservation
managers

Other interest
groups

A multi-
stakeholder
information

system

Forest owners
and managers

Facilitation

Extension

Research
organisations and
programmes

Fig. 2 A Multi-Stakeholder Information System offering a network for information providers and users. Note that while all actor groups are
involved, roles will vary, and some groups may feature more prominently and contribute more substantially to the process than others

nical (management) and institutional (governance) learn-
ing. The needs for wider involvement is also supported
empirically by earlier experience with AM implementation
(e.g. Walters 2007), including within Sweden (Danell and
Bergstrom 2010). Further support still coming from the
move towards more post normal ideas of science whereby
the research process becomes open to involvement by
others. In this way, science is used in a way in which it is
“no longer imagined as delivering truth” and instead,
decision-making becomes a mutual learning process
among different stakeholders (Funtowicz and Ravetz
1993). The intended purpose of AM is not to enable the
negotiation of political priorities or resolution of conflict, it
nevertheless remains a sociopolitical action as well as a
scientific and technical exercise in that different actors and
perspectives are involved (Stankey et al. 2005).

@ Springer

CONCLUSIONS

While operationalisation of AM may appear to be a signifi-
cant undertaking, the alternative for Swedish forestry is to
continue with a piecemeal approach to the use of alternative
silvicultural measures including those focused on climate
change adaptation or enhanced biodiversity status. The for-
mer introduction of lodgepole pine (Pinus contorta) in
Swedish forestry can be seen as such an example—with
initially a narrow focus and little coordinated learning (En-
gelmark et al. 2001). Such a piecemeal or incremental
approach can in fact represent a further trap where the
inherent nonlinearities, thresholds, time delays and spatial
distributions of ecological systems may hide the potential
effects that would result from a larger intervention (Holling
1978). Thus, while there are certainly major challenges and
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costs associated with attempting to implement the AM pro-
cess, these costs may well be exceeded by the consequences
of inaction. Forest owners and managers need to know where
alternatives to the current system of clear-cutting or alter-
native silvicultural methods are feasible, economical and
ecologically sound, and learning in this respect can best be
achieved via joint and coordinated efforts.

The AM process may be resource intensive, but the
alternative piecemeal approach to natural resource man-
agement often results in undesirable outcomes. A half-
hearted approach to AM could, however, result in a worst-
of-both-worlds outcome. This can occur when govern-
ments or agencies desire the benefits of AM without fully
committing the resources necessary for its correct imple-
mentation. Then the AM label may be affixed to manage-
ment procedures only superficially related to AM, which
may result in (i) substantial costs in terms of time and
resources; (ii) negligible benefit, or even detrimental to
natural resources and the ecosystem services they provide;
and (iii) loss of public confidence and support for future
legitimate attempts at instigating real AM.

We have highlighted key issues, guidelines and tasks in
an AM process requiring adequate foresight and long-term
sustained commitment; drawing on the AM literature to
highlight important “lessons learnt” and suggesting how
likely pitfalls can be avoided. We show how AM could
indeed provide a pragmatic operational model for manag-
ing the uncertainties associated with the establishment and
use of new silvicultural systems and methods in Swedish
production forestry. In addition, appropriately resourced,
the implementation of AM in Swedish forestry offers an
exciting opportunity to simultaneously evaluate how this
approach to deal with uncertainty can be successfully
applied to large spatial extents, management for extended
time-scales in the context of complex land tenures.
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