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Abstract

New terms have proliferated as international focus on forest condition surged
because of the role forests play in climate change mitigation and adaptation. From
umbrella concepts (e.g., forestation, nature-based solutions, and ecosystem
restoration) to specific methods (e.g., forest landscape restoration, rewilding, and
assisted migration), nuanced terms target different beginning conditions (non-forest,
harvested, deforested, or degraded forest) and desired future conditions (forest cover,
self-sustaining systems, ecological integrity). Human well-being may or may not be a
relevant objective. Quality forest reproductive material is critical for the success of
large-scale planting to meet current policy objectives and future needs as climate
warming and increased intensity and frequency of extreme events add to reforestation
backlogs embodied in the new terminology and attitudes toward forest management.
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1 Introduction

Forests continue to be extensively discussed in national and international policy
forums because of their indispensable roles as a home for biodiversity (IPBES 2019; CBD
2021), providers of ecosystem services that contribute to sustainable development
goals (Timko et al. 2018; Carr et al. 2021), and strategies for mitigating and adapting to
climate change (Keenan 2015; Moomaw et al. 2020). Perhaps due to the ubiquity and
importance of forests, and their place on the agenda of multiple international policy
frameworks, new terms for managing forests have proliferated and older terms
conflated. As terms become embedded at multiple sociopolitical levels in policies and
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2 Terms

programs, they take on legal and contractual meaning. Word meaning and usage are
shaped by world views, value systems, and simply different ecological context and
professional experience, for example, between researchers and practitioners
(Rodriguez-Franco and Haan 2015; Gerwing 2023; Arts et al. 2024).

Science requires specialized terminology to communicate ideas and concepts,
and scientific terms are usually regarded as more precise than everyday communication
(Hirst 2003; Venhuizen et al. 2019; Soto et al. 2024). Nevertheless, meanings could
change as new information and understanding develop. Meanings evolve over time and
policies and popular understanding based on older scientific underpinning become
obsolete and possibly maladaptive as data accumulate and paradigms change to
accommodate new understanding. Forest ecosystems are dynamic, subject to periodic
disturbances, and policies and values based on unchanging forests and their ecological
attributes can be counter-productive, as can be seen in fire suppression policies (Kreider
et al. 2024).

The dominance of English in scientific publishing ensures that the meaning of
terms with different connotations (often with no direct translation) in other languages
often will be unclear, introduce ambiguity, and hinder public engagement with diverse
audiences while creating knowledge gaps. In the complex multicultural and multi-
linguistic environment of forest science-policy forums, consensus concepts expressed
in English might not be adequately expressed in other languages, philosophical
frameworks, or cultures. Our objectives here are to (1) present a collection of current
terms that are used ambiguously in discussions of forest transitions and climate
mitigation and adaptation, (2) provide nuanced definitions of terms associated with
forest transitions, specifically the regeneration phase of forest dynamics that includes
reforestation and restoration, and (3) explore the relationships among the concepts
underlying the terms. Undoubtedly, our selection of terms omits some terms that other
authors would include; we do not claim our list is exhaustive. Our aim is to advance the
understanding of this terminology among forestry professionals for clarity and to foster
effective communication with multiple audiences. Adherence to a specific definition of
a strategy or method is less important than mutual understanding of the expected
outcomes.

Multiple definitions of forest condition can be distilled into three general states:
(1) “native” forests, often under some form of protection or passive management, (2)
forests actively managed for sustainability, or (3) degraded or deforested. The latter
condition has been the focus of restoration efforts (Lamb et al. 2012; Stanturf et al.
2014b), a target that was extended to all ecosystems by the declaration of the United
Nations Decade on Ecosystem Restoration 2021-2030 (United Nations Environment
Agency, 2019 Resolution 73/284: United Nations Decade on Ecosystem Restoration
Available online at: https://undocs.org/A/RES/73/284).

The starting point for understanding the nuances of the terms describing forest
land use transitions is the native, intact forest (Figure 1). Although most reporting
mechanisms use the FAO definition of a forest that sets minimum threshold for area
(0.5 ha), percentage cover (10%), and tree height (5 m) (FAO 2018), it has been criticized
for failing to sufficiently differentiate forest condition and quality, and unable to
distinguish restoration and regeneration dynamics (Sasaki and Putz 2009; Putz and
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Redford 2010; Chazdon et al. 2016; Sexton et al. 2016). Admittedly, the FAO definition
is a minimum standard to qualify as forest and does not differentiate between different
conditions or origins such as primary or secondary forest. Other forest conditions (e.g.,
naturally regenerated or planted, production or protected) are defined in general terms
but specifics are up to the reporting countries.

Figure 1. The possible management pathways for the intact native forest. Passive management (often called unmanaged

forest) could be protected with human intervention excluded, subject to natural disturbances and stand dynamics. This

also applies to forests too remote to be significantly impacted by humans. Active management can be done sustainably,

providing a flow of ecosystem services. If unsustainably managed, i.e., exploited, the forest begins down the degradation
pathway and possibly becomes deforested and converted to another land use.

Different terms describe the primary, original, or virgin forest that has not been
significantly disturbed or influenced by human activity (Deal 2018), including primeval
or old-growth (Bradshaw 2015). While this usually connotes large trees, complex stand
structure, and high biodiversity, the extent of human influence is variable but usually
means a forest that has never been logged (Gibson et al. 2011; Sabatini et al. 2018). In
Europe, however, a primary forest allows for traditional human disturbances such as
patch felling for shifting cultivation, coppicing, burning and selective/partial logging, as
well as natural disturbances (Sabatini et al. 2018).

Thus, “protection” is a legal condition; not all primary forests are protected, and
not all protected forests are without significant human influence (Leverington et al.
2010; Bennett 2015; Jones et al. 2018). A classification of protected areas by IUCN has
six categories and only one, Category VI (protected areas with sustainable use of natural
resources), allows low-level, non-industrial use of natural resources (Dudley et al. 2010).
Just to confuse the issue, protection forests can mean forests serving a protection
function, for example from avalanches (Brang et al. 2006). Conservation forest is an
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alternative term for passively managed forests, opposite to production or actively
managed forests.

Much attention has been given to the degradation/deforestation trajectory, a
gradient to a degraded forest lacking the structure, function, species composition, or
productivity normally associated with the native forest yet still considered a forest land
use. Whether or not human activity has degraded a forest is the difference between the
definitions of degradation by the Convention on Biological Diversity (CBD!) and FAO
(FAO 2011). The CBD definition requires human intervention, but the FAO includes any
changes that negatively affect the structure or function of the stand or site (e.g., a
tsunami, snow avalanche, or landslide).

Although degradation reduces the capacity of a forest to supply products
and/or services, the land remains in forest land use and could still meet the FAO minima
for a forest. Whereas, deforestation occurs when the land is converted to non-forest
land use after the forest cover is removed (Runyan and D'Odorico 2016; FAO 2018).
Human activity, such as conversion to agriculture, pasture, water reservoirs, mining,
roads, or urban areas, historically have been the causes of deforestation (Mather 1992;
DeFries et al. 2010; Curtis et al. 2018). Deforestation also includes areas that have been
so impacted that a forest cannot sustain a canopy cover above the 10% threshold for
forest land. Deforestation specifically excludes areas harvested or logged areas
expected to regenerate naturally or with the aid of silvicultural measures.

Deforestation is easily defined and readily observable, despite the fact that
some sources (and remote sensing techniques) mistake regenerating forests for
deforestation. Degradation, however, is more challenging to detect and susceptible to
different interpretations based on different standards, particularly what constitutes an
unacceptable effect on the structure or function of the stand or site. For example,
management for timber production has simplified and fragmented many forests
(Riitters et al. 2000; Kuuluvainen et al. 2012; Knott et al. 2019). Aggressive fire
suppression has caused “mesophication,” a shift from open, shade-intolerant, fire-
tolerant forests to closed, shade-tolerant, fire-sensitive forests (Nowacki and Abrams
2008; Amatangelo et al. 2011; Spinu et al. 2020). Intense browsing by high ungulate
populations has caused regeneration difficulty and led to shifts in composition (Vodde
et al. 2013; Stokely et al. 2020; Reed et al. 2021). Selective harvesting of high value
species, so-called high grading, has caused shifts in composition to lower-valued species
(Nyland 1992; Bravo and Montero 2003; Curtze et al. 2022). All of these actions are
consequences of intentional methods to secure profit, protect resources and lives, or
provide for hunter satisfaction. Nevertheless, all could be considered forest degradation
and deemed unsustainable.

The concept of sustainability, long a feature in some form of enlightened forest
management (Adamowicz and Burton 2003), has evolved from a singular focus on
sustained timber yield to the broader Sustainable Forest Management (SFM), defined
as “a dynamic and evolving concept intended to maintain and enhance the economic,
social and environmental value of all types of forests, for the benefit of present and
future generations” (FAO 2018). In Europe, SFM should “contribute to enhancing
biodiversity or to halting or preventing the degradation of ecosystems, deforestation
and habitat loss” (Regulation (EU) 2020/852 of the European Parliament and of the
Council of 18 June 2020). An essential feature of SFM is successfully re-establishing a

1 Convention on Biological Diversity (CBD) https://www.cbd.int/forest/definitions.shtml
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forest following harvesting by various silvicultural methods (Matthews, 1991), that is,
by passive (natural regeneration) or active (planting or direct seeding) methods.

A distinction sometimes is made between a planted forest and a forest
plantation, including FAO (2018). An extreme position is that plantations are non-forest
(e.g., https://www.rainforest-rescue.org/petitions/772/plantations-are-not-forests).
This position stresses the frequent use in plantations of non-native species, dense
spacing, and abbreviated rotation length. Nevertheless, the FAO definition of forests
includes plantations as an intensively managed planted forest, usually of one or two
species, not necessarily non-native, of the same age, at regular spacing (FAO 2018). In
terms of stand dynamics, a plantation is a forest held in the stand initiation stage (Oliver
and Larson 1996) by frequent harvest and intensive management. Indeed, many have
noted the catalytic effect that even non-native species plantations can have on native
species regeneration or how abandoned plantations can develop into secondary forests
(Parrotta et al. 1997; Brancalion et al. 2019).

Planted forests can be made up of indigenous or exotic species. Semi-natural,
or modified natural forests are comprised of indigenous species, sometimes mixtures,
of different age classes, planted at different densities (Chokkalingam and De Jong 2001;
Bongers et al. 2015). Secondary forests regenerate largely through natural processes
after significant disturbance of the original forest at a single point in time or over an
extended period and display a major difference in forest structure and/or composition
with respect to nearby primary forest on similar sites (Chokkalingam and De Jong 2001;
Bongers et al. 2015).

3 Terminology of forest regeneration

Forest scientists and practitioners have a well-developed vocabulary for
describing methods for establishing new forest stands after harvest and other
disturbances. Forestation is a generic word for establishing a forest by any means,
whether or not an area previously was forested (Ford-Robertson 1971). Forestation
includes the widely used terms describing establishment methods including
regeneration, reforestation, and forest restoration (Figure 2). Regeneration occurs on
previously forested land, by natural or artificial means (passive or active), usually with
the same or similar forest type shortly after the previous forest was removed (Deal
2018). Confusingly, regeneration as a noun refers to saplings or seedlings in the newly
developing stand. Natural regeneration relies on natural processes, depending on
reproductive material existing on-site or dispersed to a site by various mechanisms (e.g.,
wind, water, animals). This could involve protection from herbivores by fencing or aided
by soil preparation. Reforestation is the re-establishment of forests through artificial
means, by planting and/or deliberate seeding on forest land, without any intervening
period in another land use. Reforestation includes planting or seeding of temporarily
understocked forest areas with existing forest cover, including coppice from trees that
were originally planted or seeded. Some sources include natural regeneration as a
method of reforestation (Deal 2018). Reforestation here, however, excludes natural
regeneration, following (FAO 2018). Logically, therefore, natural regeneration results in
a secondary forest and reforestation produces a semi-natural forest (longer rotation,
extensive management) or a plantation (shorter rotation, intensively managed). Of
course, the distinctions shorter/longer and extensive/intensive are imprecise and
subject to local definitions.
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Figure 2. A harvested sustainably managed forest is regenerated quickly, either reforested (artificially by planting or direct
seeding) or naturally regenerated. If the forest is maladapted to current or future climate, or management objectives
change (e.g., from monoculture to mixed species), the forests can be restored with the resulting restored forest then

managed passively (protected) or actively (sustainably). These potential pathways are indicated by dashed arrow.
Degraded and deforested areas can also follow the restoration pathway. The degraded forest could also be abandoned
and allowed to regenerate naturally. A deforested area could be restored by planting (i.e., afforested) or afforested for
eventual sustainable management (e.g., an industrial plantation). An emergent term, proforestation, describes a form of

passive management with the primary objective of carbon storage. Thos could apply to either the protected forest or to a

sustainably managed forest with extended rotation.

Forestation also encompasses the transition from non-forest to forest, usually
by afforestation, establishing a forest through planting and/or deliberate seeding on
non-forest land (FAO 2018). There are at least 34 different definitions of afforestation,
with only 14 that specify a change in both land cover and use (Lund 1999). Definitions
also vary in the length of time an area has to have been non-forest, from a vague “within
living memory” (FAO 2001) to a definite interval of five or more years. Further confusing
the issue, the IPCC guidelines for greenhouse gas reporting (IPCC 2003) require a land
use change for both afforestation and reforestation. Revegetation is the IPCC term that
approximates the FAO reforestation.

Afforestation has acquired a negative connotation because historically it has
meant single-species plantations, often of non-natives, for timber production or
watershed protection (Dodet and Collet 2012). In tropical countries in particular,
planting has been government sponsored on common lands without regard for
traditional use by local communities (Kanowski 1997; Overbeek et al. 2012). In some
places, afforestation of native grasslands has occurred or been proposed (Veldman et
al. 2015; Veldman et al. 2017). Some local variants for afforestation are used, for
example reafforestation to describe planting trees on farmland that was cleared of
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forest only within the last 20 years, or rainforestation, which essentially is afforestation
using native rainforest species.

Forests can also develop “spontaneously” on non-forest land such as
abandoned agriculture or pasture. Observations of such development has been called
variously old field or secondary succession (Cramer et al. 2008), recolonization (Hodge
and Harmer 1996; Bruun et al. 2010), or woody encroachment into other native
vegetation (e.g., (Garcia Criado et al. 2020; Langdon et al. 2020). As a process, this can
be regarded as similar to natural regeneration.

Forest restoration uses many techniques common to silviculture (Stanturf et al.
2014a) and new terms have emerged, some as variations on traditional forestry terms.
For example, assisted (or farmer assisted) natural regeneration involves humans
protecting and preserving natural regeneration by removing barriers to their growth
and survival, such as beating down competing vegetation, removing lianas, or
protecting sprouts from domestic livestock. It may include some planting along with
natural regeneration (FAO 2019; Kelly et al. 2021). Silviculture and forest restoration
lack a clear separation (Wagner et al. 2000; Sarr et al. 2004). The distinction is that
severely degraded, damaged, or destroyed forest ecosystems require extraordinary
effort to recover functioning (Stanturf 2005; Putz and Redford 2010). Once restored,
forests can be managed by sustainable silvicultural practices (Burton 2019) or simply
protected, with appropriate adjustments for climate change and novel ecosystems
(Lugo et al. 2020; Achim et al. 2021; Girona et al. 2023).

The terminology of restoration is extensive and remains confusing (Cairns Jr
1986; Aerts and Honnay 2011; Stanturf et al. 2014b; Mansourian 2018; Aronson et al.
2020). Early forms of restoration, such as passive secondary succession on abandoned
farmland (Prach et al. 2007) or afforestation of heathlands (Madsen et al. 2015) were
not called restoration. Ecological restoration, the process of assisting the recovery of an
ecosystem that has been degraded, damaged, or destroyed (SERI 2004), grew out of
practitioner efforts to re-establish historic conditions. The end-point goal initially was
characterized by a reference stand, although this characterization evolved to recognize
a range of historical conditions (Keane et al. 2009; Millar 2014). Recently, the end-point
goal has again evolved to accommodate potential climate change (Harris et al. 2006;
Pita et al. 2024). A broader concept, functional or trait-based forest restoration
emphasized the restoration of abiotic and biotic processes in degraded ecosystems
rather than “natural” or historical fidelity in composition and structure (Stanturf et al.
2014a; Stanturf et al. 2014b). In comparison to ecological restoration that focuses on
the end point, functional restoration is more concerned with moving from
degraded/deforested starting point to a more “natural” or resilient and functioning
condition (Stanturf et al. 2014b).

Forest Landscape Restoration is an active process that “brings people together
to identify, negotiate, and implement practices that restore an agreed optimal balance
of the ecological, social, and economic benefits of forests and trees within a broader
pattern of land uses” (Sabogal et al. 2015). Forest Landscape Restoration (FLR) differs
from ecological restoration by operating at landscape scale and by emphasizing both
regaining ecological functionality and enhancing human well-being (Stanturf and
Mansourian 2020; Mansourian et al. 2021). Forest Landscape Restoration is intimately
connected to the Bonn Challenge but other integrated landscape initiatives exist and
include important co-benefits (Stanturf and Mansourian 2020; Stanturf et al. 2023).
Forest Landscape Restoration explicitly engages diverse stakeholders in a participatory
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process. Notably, Ecosystem Restoration also has incorporated inclusive, participatory
planning. The forest restoration literature seldom considers how the restored forest will
be managed (Stanturf et al. 2017) except that the objective of ecological restoration, a
self-sustaining forest, implicitly favors passive management (SERI 2004).

Proforestation is a new term (Figure 2, Table 1) for the practice of protecting
existing natural forests to foster continuous growth, carbon accumulation, and
structural complexity (Moomaw et al. 2019; Mackey et al. 2020). Proforestation has
been advanced as a way to mitigate climate change by storing carbon in especially
mature forests, and/or to address biodiversity decline (Moomaw et al. 2020; Law et al.
2022). Proforestation is also seen as a way to alter management of planted and naturally
regenerated production forests to enhance carbon storage by lengthening rotation (Law
et al. 2022) or extending harvest cycles and reducing cutting, primarily to increase
carbon capture and storage (Moomaw et al. 2019; Mackey et al. 2020; Nunes et al.
2020). Proforestation aims to protect intact forests, significantly expanding reserved
forest areas; if harvesting is to occur, the target is biological rather than economic
maturity. Proforestation is appropriate for stable forest areas (Funk et al. 2019), i.e.,
those without not already significantly disturbed or at significant risk from stormes,
drought, wildfire, pests, or changing climate. Proforestation is primarily aimed at public
lands (Moomaw et al. 2019) but could be attractive to private forest owners if they are
compensated with carbon or biodiversity payments (Moomaw et al. 2019).

Another past-oriented term, Rewilding, emerged from academic literature in
the 1980s from North American wilderness concepts (Carver et al. 2021). Rewilding
originally defined a continental strategy to restore biodiversity through an
interconnected network of reserves and re-introduction of apex carnivores and large
herbivores, for example wolves and bison (Soulé and Noss 1998; Jgrgensen 2015).
Rewilding in European application includes non-native or domesticated proxies for
extinct species to promote self-regulating biodiverse ecosystems (Corlett 2016; Jepson
et al. 2018). Herbivores, rather than carnivores, are emphasized as the active
restoration agent in Europe but spatial connectivity is emphasized in both Europe and
North America. Variants of rewilding include reintroducing megafauna extirpated since
the Late Pleistocene or releasing captive-bred animals to the wild, a form of assisted
migration or species reintroduction (Novak et al. 2021). Passive rewilding overlaps with
other passive restoration approaches that rely on natural regeneration to restore forest
landscapes. Rewilding is distinguished from other forms of ecological restoration by the
emphasis on establishing conditions for relinquishing direct human management,
relying on autonomous biotic and abiotic agents and processes.

So far, the discussion has centered on the regeneration phase without explicitly
considering how climate change will affect the future forest. Incorporating climate
change into forest management can be for mitigation, adaptation, or both. Mitigation
seeks to reduce greenhouse gas (GHG) emissions or to sequester and store carbon.
Adaptation helps reduce vulnerability to the current or expected impacts of climate
change. In practice, mitigation and adaptation are intertwined; adaptation is necessary
to secure the benefits of mitigation and adaptation methods often have mitigation
effects (D’Amato et al. 2011; Locatelli et al. 2011). Different forms of passive
management (protection, proforestation) essentially ignore climate adaptation or rely
on speciation and species migration without human intervention. Similarly, sustainable
forest management moves along with business as usual or at most, incremental
adaptation (Millar et al. 2007; Stanturf 2015). With the specter of a quite different
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climate and uncertain effects on forest ecosystems, new terms and concepts have
emerged (Figure 3, Table 1).

Table 1. Traditional and emerging terminology describing goals and methods for regeneration, reforestation, and
restoration of forests. The starting point describes the conditions where the term applies. Explicit ecological and social
(livelihoods) objectives and climate focus are indicated, although particular applications may include an ecological or
social objective or climate change mitigation or adaptation focus. (n/a indicates no explicit objectives or focus).

. . —— Ecological Social Climate
Starting Point Term Definition e -
objective objective focus
Non-forest, .
The establishment of forest, naturally or
harvested, . o . Ecosystem
Forestation artificially, on an area, whether previously  Forest cover . n/a
degraded, and/or carrving forest or not services
deforested ying '
The direct human-induced conversion of land
that has not been forest for a period of at least
. 50 years to forest through planting, seedin Ecosystem
Non-forest Afforestation y . ghp & . g Forest cover y. n/a
and/or the human-induced promotion of services
natural seed sources, where the conversion has
taken place after 31 December 1989.
The re-establishment of forests through
Harvested or . artificial means, by planting and/or deliberate Ecosystem
Reforestation . yp . & / . . Forest cover y. n/a
degraded seeding on forest land, without any intervening services
period in another land use.
The establishment of a plant or plant age class
from natural seeding, sprouting, suckering, or
layering. Assisted or farmer assisted natural
Harvested, . .
Natural regeneration are restoration methods where Ecosystem
degraded, and/or . . . Forest cover . n/a
Regeneration local people intervene to help trees and native services
deforested . L .
vegetation by eliminating barriers and threats
to their growth. It may include some
supplemental planting.
A form of ecological restoration that relies on
autonomous biotic and abiotic agents and
processes to restore natural conditions.
Non forest, . . .
Rewilding may involve creation of an Self-
harvested, . . . Ecosystem
Rewilding interconnected network of reserves (core areas sustaining . n/a
degraded, and/or . . . . services
deforested and corridors) and the reintroduction of missing ecosystem
keystone species (including non-native proxies
for extinct species), such as apex carnivores or
large herbivores.
The practice of protecting existing natural Self-
Intact, harvested, or . P P . & & . Ecosystem ... .
Proforestation  forests to foster continuous growth, carbon  sustaining . Mitigation
degraded . . services
accumulation, and structural complexity. forest
Utilizing species in restoration efforts for which Self-
Degraded and/or ) . &sp . . . . Human .
Prestoration  a site represents suitable habitat now and into  sustaining . . Adaptation
deforested livelihood
the future. forest
Non forest, . The process of assisting the recovery of an Self-
Ecological - Ecosystem
degraded and/or . ecosystem that has been degraded, damaged, sustaining . n/a
restoration services
deforested or destroyed. forest
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Non forest,

An active process that brings people together to
identify, negotiate, and implement practices

Forest landscape that restore an agreed optimal balance of the Ecological Human
degraded and/or . . . . . ) . . n/a
restoration ecological, social, and economic benefits of integrity  livelihood
deforested L
forests and trees within a broader pattern of
land uses.
A process of reversing the degradation of
ecosystems, such as landscapes, lakes, and
Non forest, y - . .p . . Self-
Ecosystem oceans to regain their ecological functionality; . Human
degraded and/or . . . .. sustaining . . n/a
restoration  in other words, to improve the productivity and livelihood
deforested . forest
capacity of ecosystems to meet the needs of
society.
Actions to protect, sustainably manage and
Intact, harvested, o
restore natural or modified ecosystems that Self-
degraded, Nature Based . . L Ecosystem
. address societal challenges effectively and sustaining . n/a
deforested, and/or Solutions . . . services
adaptively, simultaneously providing human forest
maladapted . . . .
well-being and biodiversity benefits.
Intact, harvested, . . s
Nature Based A variant form of Nature-based Solutions that . Mitigation
degraded, . . . Ecological Ecosystem
Climate allows for adapting an ecosystem beyond its . . . and/or
deforested, and/or . . . . integrity services .
Solutions current/historical condition. Adaptation
maladapted
A targeted approach or strategy to increase the
climate benefits from forests and the forest
sector, in a way that creates synergies with
Intact, Intact, other needs related to forests. The approach
harvested, Climate Smart, builds on three pillars: reducing and/or . Mitigation
. . . . Ecological Ecosystem
degraded, Climate Adapted removing greenhouse gas emissions to mitigate . . and/or
. . integrity services .
deforested, and/or Forestry climate change, adapting forest management to Adaptation
maladapted build resilient forests, and active forest
management aiming to sustainably increase
productivity and provide all benefits that forests
can provide.
Assisted migration moves seeds or other forest
Intact, harvested, ’ . . .
. reproductive material from one bioclimatic .
degraded, Assisted . Ecological .
. . zone to another, to preserve economic goods, . n/a Adaptation
deforested, and/or Migration . . . . integrity
sustain ecosystem services, or avoid species
maladapted

extinction.

Prestoration is an emergent term with a future-orientation. Prestoration is
defined as utilizing species in restoration efforts for which a site represents suitable
habitat now and into the future (Butterfield et al. 2017; Svensson et al. 2023). This could
be favoring species currently in low abundance or of secondary importance in current
forest stands but expected to be highly adapted to future conditions, for example Acer
rubrum in northern hardwood forests in the eastern United States (Stanturf et al.
2014a). Prestoration also seeks to restore ecosystem structure and function in a
changing climate (Butterfield et al. 2017) by introducing one or several species into a
degraded habitat. Prestoration in that sense is similar to Assisted Migration (AM),
although AM is more concerned with conservation of the species being translocated
(Williams and Dumroese 2013; Stanturf et al. 2024b) and Prestoration with adapting a

stand to altered climate.
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Assisted
Migration

Neonative
Forest

i)

Afforested i

Figure 3. New terminology has emerged to describe pathways focused on climate change mitigation and adaptation,
indicated by purple arrows (dashed for speculative pathways). The conditions of protected or sustainably managed shown
in Figure 2 are not shown here for simplicity but they now follow the pathway to climate smart (or adapted) forests. A
new term, rewilding, has been introduced as a form of restoration as essentially a form of passive management. Specific
conditions for climate adaptation are determined locally. Proforestation would seem to be climate smart but although
extending the rotation mitigates climate change, it also increases exposure to wildfire, insects and diseases, and
windstorms and may not be adaptive. Managed forests, including commercial plantations, can be climate smart,
depending on local conditions (i.e., the rate and direction of climate change and the management actions implemented).
Assisted migration can be introduced to climate adapted species or provenances of native species; neonative forests can
emerge spontaneously from movement of species or release of non-native or subordinate native species or intentionally

by human intervention.

Assisted Migration is an incremental, anticipatory, or transformational
adaptation method (Stanturf et al. 2024b) that facilitates natural range expansion in
response to climate change (Aitken and Bemmels 2016; Sang et al. 2021). Assisted
Migration can occur over three target migration distances by moving species or
provenances: (1) within their current range, assisted population migration; (2) from the
current range to suitable areas adjacent to the current range, assisted range expansion;
or (3) far outside its current range, assisted species migration (Pedlar et al. 2012;
Williams and Dumroese 2013; Stanturf et al. 2024b). The objectives for Assisted
Migration include preserving economic goods, sustaining ecosystem services, or
avoiding species extinction. Experience with invasive species has demonstrated that
introductions risk ill-effects, advising caution with Assisted Migration (Pedlar et al. 2012;
Breed et al. 2013; Breed et al. 2018), but arguably, climate warming already has
adversely affected many forest ecosystems and not acting may be riskier than acting
(Palik et al. 2022; Xu and Prescott 2024).
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Over a long time, species assemblages change because of local extinctions,
natural immigration, and evolution (speciation). Climate change is concerning because
the rate of change outstrips the rate of species migration (Aitken et al. 2008). Neonative
Forests are new assemblages of species that arise because of species range expansion
in response to human-induced environmental change (Lugo et al. 2020; Essl et al. 2021).
Forest types, defined by their dominant vegetation (Deal 2018), are not static.
Neonative Forests describe novel assemblages that arise spontaneously as native
species migrate under changing climate, at the leading or trailing edge of species
distributions. Another pathway to Neonative Forests could be the incorporation of
established invasive on-native species with useful functional traits, instead of
attempting their exclusion (Nyssen et al. 2024). Neonative Forests might also arise
through Assisted Migration and the intentional intermixing of native and non-native
tree species or provenances better adapted to future climate conditions (Bolte et al.
2009; Essl et al. 2021).

Climate-Smart, or Climate-Adapted Forestry, has the objective of increasing the
climate benefits from forests and the forest sector, in a way that creates synergies with
other needs related to forests. The approach builds on three pillars: reducing and/or
removing greenhouse gas emissions to mitigate climate change, adapting forest
management to build resilient forests, and active forest management aiming to
sustainably increase productivity and provide all benefits that forests can provide
(Bowditch et al. 2020; Verkerk et al. 2020; Santopuoli et al. 2021; Hallberg-Sramek et al.
2022; Shephard et al. 2022). Thus, Climate-Smart Forestry (CSF) is a form of Sustainable
Forest Management with a future-orientation. Forest management practices consistent
with CSF are specific to local context but may include reducing stand density to better
cope with drought, promoting growth by thinning, and prescribed fire to manage fuel
loads and reduce wildfire risk. Practices specific to the regeneration phase include site
preparation to enhance survival and growth (e.g., bedding, mounding, ripping to
improve soil conditions) or chemical treatments to control pests and competing
vegetation. Planting diverse mixtures of species or provenances for genetic or trait
diversity spreads the risk of extensive forest loss (Nabuurs et al. 2017; Nabuurs et al.
2018; Bowditch et al. 2020).

Climate-Smart Forestry must produce stands adapted to uncertain future
conditions and at the same time, forests that are robust under the current climate.
Novelty already is a multifaceted challenge (Radeloff et al. 2015; Lugo et al. 2020;
Schittko et al. 2020) and the uncertain future could bring increased novelty in climate
means and extremes as well as novel disturbance regimes (Williams and Jackson 2007;
Mahony et al. 2017; Leverkus et al. 2021; Serrano et al. 2022).

Any method of Forestation (forest creation or regeneration) could be
considered CSF if appropriately future-oriented (Figure 3). Certainly Prestoration,
Assisted Migration, and Neonative Forests would qualify. Whether Proforestation is CSF
would depend on projected changes in climate and disturbance regime in the area of a
forest managed on extended rotation for mitigation benefits. A forest projected to have
relatively stable climate, or in a climate refugium, could endure under those conditions
(Frelich et al. 2020) but on the whole, Proforestation lacks a credible future orientation.

Zooming back out to the broader policy environment, Nature-Based Solutions
(NBS) is an umbrella concept for employing natural systems to address interconnected
challenges discussed in international climate and biodiversity policy fora such as the UN
Framework Convention on Climate Change and the UN Convention on Biological
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4 Discussion

Diversity (Nesshover et al. 2017; Seddon et al. 2021). It is a relatively recent term
(MacKinnon et al., 2008; MacKinnon, 2009) and two different definitions for NBS have
been proposed. The European Commission definition arose from urban development
and environmental engineering (EuropeanCommission et al. 2015). It stresses the use
of blue-green infrastructure (BGI), with a decidedly urban flavor (Depietri and
McPhearson 2017; Andersson et al. 2019).

The definition proposed by the International Union for the Conservation of
Nature (IUCN) is the most commonly used and is more focused on natural systems:
“Actions to protect, sustainably manage and restore natural or modified ecosystems
that address societal challenges effectively and adaptively, simultaneously providing
human well-being and biodiversity benefits” (Cohen-Shacham et al. 2016). The Nature-
Based Solutions concept was operationalized into eight principles and standards
(Cohen-Shacham et al. 2019; IUCN 2020) that include NBS result in a net gain to
biodiversity and ecosystem integration and NBS are economically viable. This definition
seeks to avoid moving ecosystems further from their natural state distinction and seems
to ignore the need to adapt to changing climate (Ellis et al. 2024). Notwithstanding the
relative newness of Nature-Based Solutions, forest management (broadly ‘forestry’) has
long been concerned with managing land using natural processes (Phillips 1931; Attiwill
1994; Perry 1998) and SFM could be considered a subset of NBS as long as relatively
conservative measures are employed, i.e., incremental adaptations (sensu (Stanturf
2015) to changing climate.

Nature-Based Climate Solutions (NBCS) is a variation of NBS that allows, on the
contrary, for adapting an ecosystem beyond its current/historical condition (Buma et al.
2024). Thus, NBCS would consider assisted migration of species in forestry (Pedlar et al.
2012; Dumroese et al. 2015; Stanturf et al. 2024b) an appropriate strategy while NBS
probably would not (Ellis et al. 2024). Climate-Smart Forestry, therefore, is a subset of
Nature-Based Climate Solutions even in its most transformational forms.

A rapidly changing climate, expanding human population expecting higher living
standards, and armed conflicts, the so-called polycrisis (Lawrence et al. 2024), ensure
the future will be wildly divergent from the present. Despite the uncertainty, multiple
efforts by many actors globally are underway, seeking to reverse deforestation and
forest degradation, combat climate change, and conserve biodiversity. Forests are
central in these efforts for obvious reasons (Carrasco et al. 2017; IPBES 2019; Pan et al.
2024) and massive tree planting schemes have been a response, including the Bonn
Challenge to restore 350 million hectares to forests by 2030, and especially large-scale
tree planting programs in many countries like the Great Green Walls across Africa and
China. Central to efforts aimed at forest creation, renewal, and restoration is the critical
regeneration or stand initiation phase (Grubb 1977; Oliver and Larson 1996). Some
forestation efforts draw on the centuries of experience and research of forest scientists,
others seek new paths. Some use the well-established forest science terminology for
regeneration, but from new disciplines and non-foresters, new terms have emerged for
how forests should be managed to meet the polycrisis.

Forestry professionals engaging in policy discussions or attempting to
communicate with the public about forests and climate change face numerous
challenges. Probably the most harrowing encounters are dialogues with audiences who
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equate forest management with logging and regeneration with deforestation.
Attempting to counter such values-based views with scientific evidence probably will
not succeed. In policy arenas where evidence-based positions carry more sway,
expressing science concepts with precise terminology can appear to the non-scientist
as using needlessly obtuse jargon. Further difficulty arises when scientific terms change
meaning as knowledge expands and concepts evolve; policies and popular
understanding based on older scientific understanding can become maladaptive.
Communicating about forests to non-technical audiences with clarity may of necessity
require simplification but, in the process, essential nuance and important local context
can be lost. Translation of English terms for nature-based concepts into other languages
may be difficult, and vice versa, leading to incomplete understanding.

To bring a semblance of order to the expanding population of terms about
forests and their management, we began with the intact, native forest and the possible
transitions to other conditions (passive management/protection, active/sustainable
management, degradation, or deforestation/non forest (Figure 1). Different terms
related to regenerating or creating a forest followed, under the umbrella term of
forestation. Possible methods, depending on the starting point, included reforestation
(artificial regeneration), natural regeneration, afforestation, or variations of restoration.
Key differentials were whether they explicitly included a livelihood component or were
future-oriented toward climate mitigation, adaptation, or both (Table 1).

Nature Based Solutions (NBS) and Nature Based Climate Solutions (NBCS) are
over-arching terms that encompass activities that protect, sustainably manage, and
restore natural or modified ecosystems. We placed forest management and forest
restoration activities under the NBS umbrella, and along with Climate Smart Forestry
and Assisted Migration under NBCS. The distinction between NBS and NBCS is how
much novelty they tolerate, that is, how far from current forest composition and
structure they allow (Radeloff et al. 2015).

Umbrella or visionary terms that express regeneration goals include
Forestation, Proforestation, and Prestoration (Table 1). Forestation is a traditional
forestry term for regeneration that refers to any condition without forest cover (Ford-
Robertson 1971), whether following a harvest or a previously non-forest land use. The
ecological target of Forestation is establishing forest cover; Forestation has no explicit
social (livelihoods) or climate target. Proforestation emerged recently and may apply to
any starting point, forested or not, but aimed primarily at intact forests, protecting or
managing them on extended harvest cycles for climate mitigation (Moomaw et al.
2019). Conceivably Proforestation could be a restoration strategy for degraded forests.
Prestoration has emerged as a restoration strategy that prioritizes adaptation to altered
climate, favoring species adapted to current as well as future site conditions, focusing
on degraded or deforested conditions (Butterfield et al. 2017).

These umbrella terms all are implemented by a gradient of the intensity of
inputs or methods for controlling composition or structure (Chazdon et al. 2021;
Stanturf et al. 2024a) that ranges from low/passive with no or minimal planting (natural
regeneration, rewilding) or to high/active methods that include planting or direct
seeding (afforestation, reforestation, assisted migration), as specified in Table 1.
Low/passive methods such as natural regeneration and rewilding may exhibit low levels
of control or inputs, but they can be quite costly if fencing is required to exclude
herbivores out of regenerating areas (Lo6f et al. 2021; Pinchot et al. 2022; Brault et al.
2023) or if a rewilding site must be enclosed to keep herbivores inside (Root-Bernstein
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et al. 2018; Pedersen et al. 2019). Thus, low intensity methods are not necessarily low
cost activities (Zahawi et al. 2014).

The long-term goal or desired future condition of the umbrella concepts and
implementation methods might not be explicit. For example, the ecological goal of a
self-sustaining forest (Table 1) implies little or no active management, possibly having
protected status. The goal of a sustainably managed forest would be ecological integrity
that may include or lack a climate focus on adaptation. While all terms state or imply
the goal of providing ecosystems services, only one term, forest landscape restoration,
specifically includes a social objective, a human livelihoods component.

In light of the rapidly evolving landscape of forest management, the
terminology used to describe efforts in forest restoration, afforestation, and related
interventions has grown increasingly complex and nuanced. The proliferation of terms
reflects the growing recognition of forests' critical role in mitigating climate change,
enhancing biodiversity, and providing ecosystem services. As this review has shown,
these emerging terms are shaped by a range of factors, including the starting conditions
of a given forested area, the desired ecological and social outcomes, and the degree of
human intervention required.

Communication is difficult under the best circumstances and even among forest
scientists the same terms often have a different meaning, or they are interpreted
differently in their local application. Communicating forest science to a lay audience is
likely to be even more challenging. Frequent changes in meaning of old and existing
terms and new terms contribute to the confusion. Absent a global authority to discus,
adopt, and implement terminology and how it is used, different groups will use different
terms to describe the same forest conditions or practices, or conversely, they interpret
and use the same terms in different, even contradictory, ways.

The conceptualization of forest management now spans a broad spectrum,
from passive or low intensity methods like proforestation and rewilding, which
emphasize minimal human interference, to active techniques such as assisted migration
and afforestation, which involve deliberate human intervention to shape forest
ecosystems. Notably, newer concepts such as prestoration and neonative forests
underscore the importance of future-oriented strategies, addressing both the
immediate and anticipated impacts of climate change on forest ecosystems. These
approaches mark a significant shift in forest restoration practices by prioritizing the
selection of species that will be resilient under future climate conditions.

Furthermore, the terminology associated with Nature-Based Solutions (NBS)
and Nature-Based Climate Solutions (NBCS) illustrates how forest restoration is now
viewed not only as an ecological challenge but also as a socio-political one, with direct
implications for human livelihoods and climate policy. By fostering a clearer
understanding of these terms among forest professionals and policymakers, this article
seeks to advance both scientific clarity and practical collaboration across disciplines.
Achieving successful forest restoration and management in the 21st century will require
not only technical expertise but also a shared understanding of the language that
defines our objectives and strategies.

As the field continues to evolve, it will be essential for forestry professionals,
researchers, and policymakers to remain adaptable, ensuring that the terms and
methods used in forest management reflect the latest scientific understanding while
also accommodating the cultural and linguistic diversity that characterizes global forest
policy discussions. This will enable more effective communication and collaboration in
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the critical task of restoring and managing the world’s forests in an era of
unprecedented environmental change.

5 References

Achim A, Moreau G, Coops NC, Axelson JN, Barrette J, Bédard S, Byrne KE, Caspersen J, Dick AR,
D'orangeville L, Drolet G, Eskelson BNI, Filipescu CN, Flamand-Hubert M, Goodbody TRH, Griess
VC, Hagerman SM, Keys K, Lafleur B, Girona MM, Morris DM, Nock CA, Pinno BD, Raymond P, Roy
V, Schneider R, Soucy M, Stewart B, Sylvain J-D, Taylor AR, Thiffault E, Thiffault N, Vepakomma U,
White JC (2021) The changing culture of silviculture. Forestry 95:143-152.
https://doi.org/10.1093/forestry/cpab047

Adamowicz WL, Burton PJ (2003) Sustainability and sustainable forest management. In: Burton PJ, Messier
C, Smith DW and W.L. A, (eds) Towards Sustainable Management of the Boreal Forest. NRC
Research Press, Ottawa, ON, Canada, pp. 41-64.

Aerts R, Honnay O (2011) Forest restoration, biodiversity and ecosystem functioning. BMC Ecol 11.

https://doi.org/10.1186/1472-6785-11-29

Aitken SN, Bemmels JB (2016) Time to get moving: assisted gene flow of forest trees. Evol Appl 9:271-290.

https://doi.org/10.1111/eva.12293

Aitken SN, Yeaman S, Holliday JA, Wang T, Curtis-Mclane S (2008) Adaptation, migration or extirpation:
climate change outcomes for tree populations. Evol Appl 1:95-111.
https://doi.org/10.1111/j.1752-4571.2007.00013.x

Amatangelo KL, Fulton MR, Rogers DA, Waller DM (2011) Converging forest community composition along
an edaphic gradient threatens landscape-level diversity. Divers Distrib 17:201-213.
https://doi.org/10.1111/.1472-4642.2010.00730.x

Andersson E, Langemeyer J, Borgstrom S, Mcphearson T, Haase D, Kronenberg J, Barton DN, Davis M,
Naumann S, Roschel L (2019) Enabling green and blue infrastructure to improve contributions to
human  well-being and equity in urban systems. BioScience 69:566-574.
https://doi.org/10.1093/biosci/biz058

Aronson J, Goodwin N, Orlando L, Eisenberg C, Cross AT (2020) A world of possibilities: six restoration
strategies to support the United Nation's Decade on Ecosystem Restoration. Restor Ecol
28(4):730-736. https://doi.org/10.1111/rec.13170

Arts B, Brockhaus M, Giessen L, Mcdermott CL (2024) The performance of global forest governance: Three
contrasting perspectives. Forest Policy & Economics 161:103165.
https://doi.org/10.1016/j.forpol.2024.103165

Attiwill PM (1994) The disturbance of forest ecosystems: the ecological basis for conservative
management. Forest Ecol Manag 63:247-300. https://doi.org/10.1016/0378-1127(94)90114-7

Bennett BM (2015) Plantations and protected areas: A global history of forest management. MIT Press,
Cambridge, MA. https://doi.org/10.7551/mitpress/9780262029933.001.0001

Bolte A, Ammer C, L6f M, Madsen P, Nabuurs G-J, Schall P, Spathelf P, Rock J (2009) Adaptive forest
management in central Europe: Climate change impacts, strategies and integrative concept.
Scand J Forest Res 24: 473-482. https://doi.org/10.1080/02827580903418224

Bongers F, Chazdon R, Poorter L, Pefia-Claros M (2015) The potential of secondary forests. Science 348:
642-643. https://doi.org/10.1126/science.348.6235.642-c

Bowditch E, Santopuoli G, Binder F, Del Rio M, La Porta N, Kluvankova T, Lesinski J, Motta R, Pach M,
Panzacchi P, Pretzsch H, Temperli C, Tonon G, Smith M, Velikova V, Weatherall A, Tognetti R (2020)
What is Climate-Smart Forestry? A definition from a multinational collaborative process focused
on mountain regions of Europe. Ecosyst Serv 43:101113.
https://doi.org/10.1016/j.ecoser.2020.101113

Bradshaw RHW (2015) What Is a natural forest? In: Stanturf JA, (ed) Restoration of Boreal and Temperate
Forests, Second Edition. CRC Press, Dordrecht, pp. 17-36.

Brancalion PH, Campoe O, Mendes JCT, Noel C, Moreira GG, Van Melis J, Stape JL, Guillemot J (2019)
Intensive silviculture enhances biomass accumulation and tree diversity recovery in tropical forest
restoration. Ecol Appl 29:e01847. https://doi.org/10.1002/eap.1847

Reforesta Scientific Society 74


https://doi.org/10.1093/forestry/cpab047
https://doi.org/10.1186/1472-6785-11-29
https://doi.org/10.1111/eva.12293
https://doi.org/10.1111/j.1752-4571.2007.00013.x
https://doi.org/10.1111/j.1472-4642.2010.00730.x
https://doi.org/10.1093/biosci/biz058
https://doi.org/10.1111/rec.13170
https://doi.org/10.1016/j.forpol.2024.103165
https://doi.org/10.1016/0378-1127(94)90114-7
https://doi.org/10.7551/mitpress/9780262029933.001.0001
https://doi.org/10.1080/02827580903418224
https://doi.org/10.1126/science.348.6235.642-c
https://doi.org/10.1016/j.ecoser.2020.101113
https://doi.org/10.1002/eap.1847

REFORESTA 18:59-82 Stanturf et al.

Brang P, Schonenberger W, Frehner M, Schwitter R, Wasser B (2006) Management of protection forests in
the European Alps: an overview For Snow Landsc Res 80(1): 23-44.

Brault B, Tremblay J-P, Thiffault N, Royo AA, Coté SD (2023) Successful forest restoration using plantation
at high deer density: How neighboring vegetation drives browsing pressure and tree growth.
Forest Ecol Manag 549:121458. https://doi.org/10.1016/].foreco.2023.121458

Bravo F, Montero G (2003) High-grading effects on Scots pine volume and basal area in pure stands in
northern Spain. Ann Forest Sci 60: 11-18. https://doi.org/10.1051/forest:2002069

Breed M, Stead M, Ottewell K, Gardner M, Lowe A (2013) Which provenance and where? Seed sourcing
strategies for revegetation in a changing environment. Conserv Genet 14: 1-10.
https://doi.org/10.1007/s10592-012-0425-z

Breed MF, Harrison PA, Bischoff A, Durruty P, Gellie NJ, Gonzales EK, Havens K, Karmann M, Kilkenny FF,
Krauss SL (2018) Priority actions to improve provenance decision-making. BioScience 68:510-516.
https://doi.org/10.1093/biosci/biy050

Bruun HH, Valtinat K, Kollmann J, Brunet J (2010) Post-dispersal seed predation of woody forest species
limits recolonization of forest plantations on ex-arable land. Preslia 82: 345-356.

Buma B, Gordon DR, Kleisner KM, Bartuska A, Bidlack A, Defries R, Ellis P, Friedlingstein P, Metzger S,
Morgan G, Novick K, Sanchirico JN, Collins JR, Eagle AJ, Fujita R, Holst E, Lavallee JM, Lubowski
RN, Melikov C, Moore LA, Oldfield EE, Paltseva J, Raffeld AM, Randazzo NA, Schneider C, Uludere
Aragon N, Hamburg SP (2024) Expert review of the science underlying nature-based climate
solutions. Nat Clim Chang 14: 402-406. https://doi.org/10.1038/s41558-024-01960-0

Burton PJ (2019) The scope and challenge of sustainable forestry. In: Stanturf JA (ed) Achieving Sustainable
Management of Boreal and Temperate Forests. Burleigh Dodds Science Publishing, pp.1-22.
https://doi.org/10.19103/AS.2019.0057.01

Butterfield BJ, Copeland SM, Munson SM, Roybal CM, Wood TE (2017) Prestoration: using species in
restoration that will persist now and into the future. Restor Ecol 25: S155-S163.
https://doi.org/10.1111/rec.12381

Cairns Jr J (1986) Restoration, reclamation, and regeneration of degraded or destroyed ecosystems. In:
Soule ME, (ed) Conservation Biology. Sinauer Publishers, Ann Arbor, MI, pp. 465-484.

Carr JA, Petrokofsky G, Spracklen DV, Lewis SL, Roe D, Trull N, Vidal A, Wicander S, Worthington-Hill J, Sallu
SM (2021) Anticipated impacts of achieving SDG targets on forests - a review. Forest Policy Econ
126: 102423. https://doi.org/10.1016/j.forpol.2021.102423

Carrasco LR, Nghiem TPL, Chen Z, Barbier EB (2017) Unsustainable development pathways caused by
tropical deforestation. Sci Adv 3: e1602602. https://doi.org/10.1126/sciadv.1602602

Carver S, Convery |, Hawkins S, Beyers R, Eagle A, Kun Z, Van Maanen E, Cao Y, Fisher M, Edwards SR,
Nelson C, Gann GD, Shurter S, Aguilar K, Andrade A, Ripple WJ, Davis J, Sinclair A, Bekoff M, Noss
R, Foreman D, Pettersson H, Root-Bernstein M, Svenning JC, Taylor P, Wynne-Jones S,
Featherstone AW, Flojgaard C, Stanley-Price M, Navarro LM, Aykroyd T, Parfitt A, Soule M (2021)
Guiding principles for rewilding. Conserv Biol 35:1882-1893. https://doi.org/10.1111/cobi.13730

Cbd (2021) First draft of the post 2020 global biodiversity framework Convention on Biological Diversity,
Montreal.

Chazdon RL, Brancalion PH, Laestadius L, Bennett-Curry A, Buckingham K, Kumar C, Moll-Rocek J, Vieira
ICG, Wilson SJ (2016) When is a forest a forest? Forest concepts and definitions in the era of forest
and landscape restoration. Ambio 45: 538-550. https://doi.org/10.1007/s13280-016-0772-y

Chazdon RL, Falk DA, Banin LF, Wagner M, J Wilson S, Grabowski RC, and Suding KN (2021) The intervention
continuum in restoration ecology: rethinking the active-passive dichotomy. Restor Ecol: e13535.
https://doi.org/10.1111/rec.13535

Chokkalingam U, De Jong W (2001) Secondary forest: a working definition and typology. Int Forest Rev:
19-26.

Cohen-Shacham E, Andrade A, Dalton J, Dudley N, Jones M, Kumar C, Maginnis S, Maynard S, Nelson CR,
Renaud FG (2019) Core principles for successfully implementing and upscaling Nature-based
Solutions. Environ Sci Policy98:20-29. https://doi.org/10.1016/j.envsci.2019.04.014

Reforesta Scientific Society 75


https://doi.org/10.1016/j.foreco.2023.121458
https://doi.org/10.1051/forest:2002069
https://doi.org/10.1007/s10592-012-0425-z
https://doi.org/10.1093/biosci/biy050
https://doi.org/10.1038/s41558-024-01960-0
https://doi.org/10.19103/AS.2019.0057.01
https://doi.org/10.1111/rec.12381
https://doi.org/10.1016/j.forpol.2021.102423
https://doi.org/10.1126/sciadv.1602602
https://doi.org/10.1111/cobi.13730
https://doi.org/10.1007/s13280-016-0772-y
https://doi.org/10.1111/rec.13535
https://doi.org/10.1016/j.envsci.2019.04.014

REFORESTA 18:59-82 Stanturf et al.

Cohen-Shacham E, Walters G, Janzen C, and Maginnis S (2016) Nature-based solutions to address global
societal challenges. IUCN: Gland, Switzerland, 97pp.
https://doi.org/10.2305/IUCN.CH.2016.13.en

Corlett RT (2016) Restoration, reintroduction, and rewilding in a changing world. Trends Ecol Evol 31: 453-
462. https://doi.org/10.1016/].tree.2016.02.017

Cramer VA, Hobbs RJ, Standish RJ (2008) What's new about old fields? Land abandonment and ecosystem
assembly. Trends Ecol Evol 23: 104-112. https://doi.org/10.1016/].tree.2007.10.005

Curtis PG, Slay CM, Harris NL, Tyukavina A, Hansen MC (2018) Classifying drivers of global forest loss. Sci
361: 1108-1111. https://doi.org/10.1126/science.aau3445

Curtze AC, Muth AB, Larkin JL, Leites LP (2022) Seeing past the green: Structure, composition, and biomass
differences in high graded and silviculture-managed forests of similar stand density. Forest Ecol
Manag 526: 120598. https://doi.org/10.1016/].foreco.2022.120598

D'amato AW, Bradford JB, Fraver S, Palik BJ (2011) Forest management for mitigation and adaptation to
climate change: Insights from long-term silviculture experiments. Forest Ecol Manag 262: 803-
816. https://doi.org/10.1016/j.foreco.2011.05.014

Deal RL (2018) The Dictionary of Forestry. Society of American Foresters, Bethesda, MD.

Defries RS, Rudel T, Uriarte M, Hansen M (2010) Deforestation driven by urban population growth and
agricultural trade in the twenty-first century. Nat Geosci 3: 178-181.
https://doi.org/10.1038/ngeo756

Depietri Y, Mcphearson T (2017) Integrating the grey, green, and blue in cities: Nature-based solutions for
climate change adaptation and risk reduction. In: Kabisch N, Korn H, Stadler J and Bonn A (eds)
Nature-Based Solutions to Climate Change Adaptation in Urban Areas: Linkages Between Science,
Policy and Practice. Springer Open, Cham, pp. 91-109. https://doi.org/10.1007/978-3-319-56091-
56

Dodet M, Collet C (2012) When should exotic forest plantation tree species be considered as an invasive
threat and how should we treat them? Biol |Invasions 14: 1765-1778.
https://doi.org/10.1007/s10530-012-0202-4

Dudley N, Parrish JD, Redford KH, Stolton S (2010) The revised IUCN protected area management
categories: the debate and ways forward. Oryx 44:485-490.
https://doi.org/10.1017/5S0030605310000566

Dumroese RK, Williams MI, Stanturf JA, Clair JBS (2015) Considerations for restoring temperate forests of
tomorrow: forest restoration, assisted migration, and bioengineering. New Forest 46: 947-964.
https://doi.org/10.1007/s11056-015-9504-6

Ellis PW, Page AM, Wood S, Fargione J, Masuda YJ, Carrasco Denney V, Moore C, Kroeger T, Griscom B,
Sanderman J, Atleo T, Cortez R, Leavitt S, Cook-Patton SC (2024) The principles of natural climate
solutions. Nat Commun 15: 547. https://doi.org/10.1038/s41467-023-44425-2

Essl F, Pysek P, Richardson DM (2021) Neonatives and translocated species: different terms are needed for
different  species categories in  conservation  policies. NeoBiota  68: 101.
https://doi.org/10.3897/neobiota.68.72849

European Commission (2015) Towards an EU research and innovation policy agenda for nature-based
solutions & re-naturing cities - Final report of the Horizon 2020 expert group on 'Nature-based
solutions and re-naturing cities' - (full version). Publications Office, Brussels.

FAO (2001) Global forest fire assessment 1990-2000. Food and Agriculture Organization of United Nations,
Rome.

FAO (2011) Assessing forest degradation - Towards the development of globally applicable guidelines
Forest Resources Assessment Working Paper 177. FAO, Rome.

FAO (2018) Terms and Definitions - FRA 2020. Food and Agricultural Organization, Rome.

FAO (2019) Restoring forest landscapes through assisted natural regeneration (ANR) - a practical manual.
Bangkok.

Ford-Robertson FC (1971) Terminology of forest science, technology practice and products. Society of
American Foresters, Bethesda, MD.

Reforesta Scientific Society 76


https://doi.org/10.2305/IUCN.CH.2016.13.en
https://doi.org/10.1016/j.tree.2016.02.017
https://doi.org/10.1016/j.tree.2007.10.005
https://doi.org/10.1126/science.aau3445
https://doi.org/10.1016/j.foreco.2022.120598
https://doi.org/10.1016/j.foreco.2011.05.014
https://doi.org/10.1038/ngeo756
https://doi.org/10.1007/978-3-319-56091-5_6
https://doi.org/10.1007/978-3-319-56091-5_6
https://doi.org/10.1007/s10530-012-0202-4
https://doi.org/10.1017/S0030605310000566
https://doi.org/10.1007/s11056-015-9504-6
https://doi.org/10.1038/s41467-023-44425-2
https://doi.org/10.3897/neobiota.68.72849

REFORESTA 18:59-82 Stanturf et al.

Frelich LE, JGgiste K, Stanturf J, Jansons A, Vodde F (2020) Are secondary forests ready for climate change?
It depends on magnitude of climate change, landscape diversity and ecosystem legacies. Forest
11: 965. https://doi.org/10.3390/f11090965

Funk JM, Aguilar-Amuchastegui N, Baldwin-Cantello W, Busch J, Chuvasov E, Evans T, Griffin B, Harris N,
Ferreira MN, Petersen K, Phillips O, Soares MG, Van Der Hoff RJIA (2019) Securing the climate
benefits of stable forests. Clim Policy 19: 845-860.
https://doi.org/10.1080/14693062.2019.1598838

Garcia Criado M, Myers-Smith IH, Bjorkman AD, Lehmann CER, Stevens N (2020) Woody plant
encroachment intensifies under climate change across tundra and savanna biomes. Global Ecol
Biogeogr 29: 925-943. https://doi.org/10.1111/geb.13072

Gerwing T (2023) Speaking the same language: Aligning project designations to clarify communication in
restoration ecology. Environ Rev 31(3). https://doi.org/10.1139/er-2022-0091

Gibson L, Lee TM, Koh LP, Brook BW, Gardner TA, Barlow J, Peres CA, Bradshaw CJA, Laurance WF, Lovejoy
TE, Sodhi NS (2011) Primary forests are irreplaceable for sustaining tropical biodiversity. Nature
478:378-381. https://doi.org/10.1038/nature10425

Girona MM, Aakala T, Aquilué N, Bélisle A-C, Chaste E, Danneyrolles V, Diaz-Yaifiez O, D'orangeville L,
Grosbois G, Hester A (2023) Challenges for the sustainable management of the boreal forest
under climate change. In: Girona MM, Morin H, Gauthier S and Bergeron Y, (eds) Boreal Forests
in the Face of Climate Change: Sustainable Management. Springer, Cham, Switzerland, pp. 773-
837. https://doi.org/10.1007/978-3-031-15988-6 31

Grubb PJ (1977) The maintenance of species-richness in plant communities: the importance of the
regeneration niche. Biol Rev 52: 107-145. https://doi.org/10.1111/j.1469-185X.1977.tb01347.x

Hallberg-Sramek |, Reimerson E, Priebe J, Nordstrém E-M, Marald E, Sandstrom C, Nordin A (2022) Bringing
climate-smart forestry down to the local level; identifying barriers, pathways and indicators for
its implementation in practice. Forest 13: 98. https://doi.org/10.3390/f13010098

Harris JA, Hobbs RJ, Higgs E, and Aronson J (2006) Ecological restoration and global climate change. Restor
Ecol 14: 170-176. https://doi.org/10.1111/j.1526-100X.2006.00136.x

Hirst R (2003) Scientific jargon, good and bad. Journal of Technical Writing and Communication 33: 201-
229. https://doi.org/10.2190/J8JJ-4YD0-4R00-G5NO

Hodge SJ, Harmer R (1996) Woody colonization on unmanaged urban and ex-industrial sites. Forestry 69:
245-261. https://doi.org/10.1093/forestry/69.3.245

IPBES. (2019) Summary for Policymakers of the Global Assessment Report on Biodiversity and Ecosystem
Services. Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services,
Bonn, Germany.

IPCC (2003) Definitions and methodological options to inventory emissions from direct human induced
degradation of forests and devegetation of other vegetation types In: Penman J, Gytarsky M, Krug
T, Kruger D, Pipatti R, Buendia L, Miwa K, Ngara T, Tanabe K and Wagner F, (eds). IPCC National
Greenhouse Gas Inventories Programme, Hayama, Japan.

IUCN (2020) Guidance for using the IUCN Global Standard for Nature-based Solutions : a user-friendly
framework for the verification, design and scaling up of Nature-based Solutions : first edition.
IUCN, Gland, Switzerland.

Jepson P, Schepers F, Helmer W (2018) Governing with nature: a European perspective on putting rewilding
principles into practice. Philosophical Transactions of the Royal Society B: Biol Sci 373: 20170434.
https://doi.org/10.1098/rstb.2017.0434

Jones KR, Venter O, Fuller RA, Allan JR, Maxwell SL, Negret PJ, Watson JE (2018) One-third of global
protected land is under intense human  pressure. Sci 360: 788-791.
https://doi.org/10.1126/science.aap9565

Jgrgensen D (2015) Rethinking rewilding. Geoforum 65: 482-488.
https://doi.org/10.1016/j.geoforum.2014.11.016

Kanowski P (1997) Afforestation and plantation forestry for the 21st century. XI World Forestry Congress
(Vol. 3). Antalya, Turkey1997. FAO, Rome.

Reforesta Scientific Society 77


https://doi.org/10.3390/f11090965
https://doi.org/10.1080/14693062.2019.1598838
https://doi.org/10.1111/geb.13072
https://doi.org/10.1139/er-2022-0091
https://doi.org/10.1038/nature10425
https://doi.org/10.1007/978-3-031-15988-6_31
https://doi.org/10.1111/j.1469-185X.1977.tb01347.x
https://doi.org/10.3390/f13010098
https://doi.org/10.1111/j.1526-100X.2006.00136.x
https://doi.org/10.2190/J8JJ-4YD0-4R00-G5N0
https://doi.org/10.1093/forestry/69.3.245
https://doi.org/10.1098/rstb.2017.0434
https://doi.org/10.1126/science.aap9565
https://doi.org/10.1016/j.geoforum.2014.11.016

REFORESTA 18:59-82 Stanturf et al.

Keane RE, Hessburg PF, Landres PB, Swanson FJ (2009) The use of historical range and variability (HRV) in
landscape management. Forest Ecol Manag 258: 1025-1037.
https://doi.org/10.1016/j.foreco.2009.05.035

Keenan RJ (2015) Climate change impacts and adaptation in forest management: a review. Ann Forest Sci
72:145-167. https://doi.org/10.1007/s13595-014-0446-5

Kelly BA, Sanogo S, Sidibé SI, Castillo-Lorenzo E, Ceci P, Ulian T (2021) Restoring vegetation and degraded
lands by using assisted natural regeneration approach (ANRA): case study at Bankass in the centre
of Mali, West Africa. Environ Dev Sustain 23: 14123-14139. https://doi.org/10.1007/s10668-021-
01223-4

Knott JA, Desprez JM, Oswalt CM, Fei S (2019) Shifts in forest composition in the eastern United States.
Forest Ecol Manag 433: 176-183. https://doi.org/10.1016/].foreco.2018.10.061

Kreider MR, Higuera PE, Parks SA, Rice WL, White N, Larson AJ (2024) Fire suppression makes wildfires
more severe and accentuates impacts of climate change and fuel accumulation. Nat Commun 15:
2412. https://doi.org/10.1038/s41467-024-46702-0

Kuuluvainen T, Tahvonen O, Aakala T (2012) Even-aged and uneven-aged forest management in boreal
Fennoscandia: A review. Ambio 41:720-737. https://doi.org/10.1007/s13280-012-0289-y

Lamb D, Stanturf J, Madsen P (2012) What is forest landscape restoration? In: Stanturf J, Lamb D and
Madsen P, (eds) Forest Landscape Restoration Integrating Natural and Social Sciences. Springer,
Dordrecht, pp. 3-23. https://doi.org/10.1007/978-94-007-5326-6 1

Langdon SF, Dovciak M, Leopold DJ (2020) Tree encroachment varies by plant community in a large boreal
peatland complex in the boreal-temperate ecotone of northeastern USA. Wetlands 23: 2499-
2511. https://doi.org/10.1007/s13157-020-01319-z

Law BE, Moomaw WR, Hudiburg TW, Schlesinger WH, Sterman JD, Woodwell GM (2022) Creating strategic
reserves to protect forest carbon and reduce biodiversity losses in the United States. Land 11:
721. https://doi.org/10.3390/land11050721

Lawrence M, Homer-Dixon T, Janzwood S, Rockstém J, Renn O, Donges JF (2024) Global polycrisis: the
causal mechanisms of crisis entanglement. Global Sustainability 7:e6.
https://doi.org/10.1017/sus.2024.1

Leverington F, Costa KL, Pavese H, Lisle A, Hockings M (2010) A global analysis of protected area
management effectiveness. Environ Manag 46: 685-698. https://doi.org/10.1007/s00267-010-
9564-5

Leverkus AB, Thorn S, Gustafsson L, Noss R, Miiller J, Pausas JG, Lindenmayer DB (2021) Environmental
policies to cope with novel disturbance regimes-steps to address a world scientists' warning to
humanity. Environ Res Lett 16: 021003. https://doi.org/10.1088/1748-9326/abdc5a

Locatelli B, Evans V, Wardell A, Andrade A, Vignola R (2011) Forests and climate change in Latin America:
linking adaptation and mitigation. Forest 2: 431-450. https://doi.org/10.3390/f2010431

Lof M, Barrere J, Engman M, Petersson LK, Villalobos A (2021) The influence of fencing on seedling
establishment during reforestation of oak stands: a comparison of artificial and natural
regeneration techniques including costs. Eur J Forest Res: 1-11. https://doi.org/10.1007/s10342-
021-01369-w

Lugo A, Martinez O, Medina E, Aymard G, Heartsill-Scalley T (2020) Novelty in the tropical forests of the
21st century. Adv Ecol Res 62: 53-116. https://doi.org/10.1016/bs.aecr.2020.01.008

Lund HG (1999) A ‘'forestt by any other name... Environ Sci Policy2: 125-133.
https://doi.org/10.1016/51462-9011(98)00046-X

Mackey B, Kormos C, Keith H, Moomaw W, Houghton R, Mittermeier R, Hole D, Hugh S (2020)
Understanding the importance of primary tropical forest protection as a mitigation strategy. Mitig
Adapt Strat Gl 25: 763-787. https://doi.org/10.1007/s11027-019-09891-4

Mackinnon (2009) People-oriented conservation: using cultural values in Uganda. Oryx 43: 13-16.
https://doi.org/10.1017/S0030605308431046

Mackinnon K, Sobrevila C, Hickey V. (2008) Biodiversity, climate change, and adaptation: nature-based
solutions from the World Bank portfolio. The World Bank, Washington, DC.

Reforesta Scientific Society 78


https://doi.org/10.1016/j.foreco.2009.05.035
https://doi.org/10.1007/s13595-014-0446-5
https://doi.org/10.1007/s10668-021-01223-4
https://doi.org/10.1007/s10668-021-01223-4
https://doi.org/10.1016/j.foreco.2018.10.061
https://doi.org/10.1038/s41467-024-46702-0
https://doi.org/10.1007/s13280-012-0289-y
https://doi.org/10.1007/978-94-007-5326-6_1
https://doi.org/10.1007/s13157-020-01319-z
https://doi.org/10.3390/land11050721
https://doi.org/10.1017/sus.2024.1
https://doi.org/10.1007/s00267-010-9564-5
https://doi.org/10.1007/s00267-010-9564-5
https://doi.org/10.1088/1748-9326/abdc5a
https://doi.org/10.3390/f2010431
https://doi.org/10.1007/s10342-021-01369-w
https://doi.org/10.1007/s10342-021-01369-w
https://doi.org/10.1016/bs.aecr.2020.01.008
https://doi.org/10.1016/S1462-9011(98)00046-X
https://doi.org/10.1007/s11027-019-09891-4
https://doi.org/10.1017/S0030605308431046

REFORESTA 18:59-82 Stanturf et al.

Madsen P, Jensen FA, Fodgaard S (2015) Afforestation in Denmark. In: Stanturf JA, (ed) Restoration of
Boreal and Temperate Forests, Second Edition. CRC Press, Dordrecht, pp. 201-216.
https://doi.org/10.1201/b18809-13

Mahony C, Cannon A, Wang T, Aitken S (2017) A closer look at novel climates: New methods and insights
at continental to landscape scales. Global Change Biol 23: 3934-3955.
https://doi.org/10.1111/gcb.13645

Mansourian S (2018) In the eye of the beholder: Reconciling interpretations of forest landscape
restoration. Land Degrad Dev 29: 2888-2898. https://doi.org/10.1002/1dr.3014

Mansourian S, Berrahmouni N, Blaser J, Dudley N, Maginnis S, Mumba M, Vallauri D (2021) Reflecting on
twenty years of Forest Landscape Restoration. Restor Ecol 29: el13441.
https://doi.org/10.1111/rec.13441

Mather AS (1992) The forest transition. Area 24: 367-379. https://doi.org/10.1016/0010-4485(92)90063-
G

Millar CI (2014) Historic variability: Informing restoration strategies, not prescribing targets. J Sustain
Forest 33: S28-5S42. https://doi.org/10.1080/10549811.2014.887474

Millar Cl, Stephenson NL, Stephens SL (2007) Climate change and forests of the future: managing in the
face of uncertainty. Ecol Appl 17: 2145-2151. https://doi.org/10.1890/06-1715.1

Moomaw W, Law BE, Goetz S (2020) Focus on the role of forests and soils in meeting climate change
mitigation goals: summary. Environ Res Lett 15: 045009. https://doi.org/10.1088/1748-
9326/ab6b38

Moomaw WR, Masino SA, Faison EK (2019) Intact forests in the United States: Proforestation mitigates
climate change and serves the greatest good. Front For Glob Chang 2.
https://doi.org/10.3389/ffgc.2019.00027

Nabuurs G-J, Delacote P, Ellison D, Hanewinkel M, Hetemaki L, Lindner M (2017) By 2050 the mitigation
effects of EU forests could nearly double through climate smart forestry. Forests 8:484.
https://doi.org/10.3390/f8120484

Nabuurs G-J, Verkerk PJ, Schelhaas M, Gonzélez-Olabarria JR, Trasobares A, Cienciala E (2018) Climate-
Smart Forestry: Mitigation Implact in Three European Regions. European Forest Institute,
Joensuu. https://doi.org/10.36333/fs06

Nesshover C, Assmuth T, Irvine KN, Rusch GM, Waylen KA, Delbaere B, Haase D, Jones-Walters L, Keune H,
Kovacs E, Krauze K, Kilvik M, Rey F, Van Dijk J, Vistad OI, Wilkinson ME, Wittmer H (2017) The
science, policy and practice of nature-based solutions: An interdisciplinary perspective. Sci Total
Environ 579: 1215-1227. https://doi.org/10.1016/j.scitotenv.2016.11.106

Novak B, Phelan R, Weber M (2021) U.S. conservation translocations: Over a century of intended
consequences. Conserv Sci Practic 3(4): e394. https://doi.org/10.1111/csp2.394

Nowacki GJ, Abrams MD (2008) The demise of fire and "mesophication" of forests in the eastern United
States. BioScience 58: 123-138. https://doi.org/10.1641/B580207

Nunes LIR, Meireles CIR, Pinto Gomes CJ, Almeida Ribeiro NMC (2020) Forest contribution to climate
change mitigation: management oriented to carbon capture and storage. Climate 8: 21.
https://doi.org/10.3390/cli8020021

Nyland RD (1992) Exploitation and greed in eastern hardwood forests. J Forest 90: 33-37.
https://doi.org/10.1093/jof/90.1.33

Nyssen B, Den Ouden J, Bindewald A, Brancalion P, Kremer K, Lapin K, Raats L, Schatzdorfer E, Stanturf J,
Verheyen K, Muys B (2024) Established invasive tree species offer opportunities for forest
resilience to climate change. Curr Forest Report. https://doi.org/10.1007/s40725-024-00232-6

Oliver CD, and Larson BC. (1996) Forest Stand Dynamics: Updated Edition. John Wiley and Sons, New York.
https://doi.org/10.1093/forestscience/42.3.397

Overbeek W, Kroger M, Gerber J-F (2012) An overview of industrial tree plantation conflicts in the global
South: conflicts, trends, and resistance struggles. EJOLT Reports.

Palik BJ, Clark PW, D'amato AW, Swanston C, Nagel L (2022) Operationalizing forest-assisted migration in
the context of climate change adaptation: Examples from the eastern USA. Ecosphere 13: e4260.
https://doi.org/10.1002/ecs2.4260

Reforesta Scientific Society 79


https://doi.org/10.1201/b18809-13
https://doi.org/10.1111/gcb.13645
https://doi.org/10.1002/ldr.3014
https://doi.org/10.1111/rec.13441
https://doi.org/10.1016/0010-4485(92)90063-G
https://doi.org/10.1016/0010-4485(92)90063-G
https://doi.org/10.1080/10549811.2014.887474
https://doi.org/10.1890/06-1715.1
https://doi.org/10.1088/1748-9326/ab6b38
https://doi.org/10.1088/1748-9326/ab6b38
https://doi.org/10.3389/ffgc.2019.00027
https://doi.org/10.3390/f8120484
https://doi.org/10.36333/fs06
https://doi.org/10.1016/j.scitotenv.2016.11.106
https://doi.org/10.1111/csp2.394
https://doi.org/10.1641/B580207
https://doi.org/10.3390/cli8020021
https://doi.org/10.1093/jof/90.1.33
https://doi.org/10.1007/s40725-024-00232-6
https://doi.org/10.1093/forestscience/42.3.397
https://doi.org/10.1002/ecs2.4260

REFORESTA 18:59-82 Stanturf et al.

Pan Y, Birdsey RA, Phillips OL, Houghton RA, Fang J, Kauppi PE, Keith H, Kurz WA, Ito A, Lewis SL, Nabuurs
G-J, Shvidenko A, Hashimoto S, Lerink B, Schepaschenko D, Castanho A, Murdiyarso D (2024) The
enduring world forest carbon sink. Nature 631:563-569. https://doi.org/10.1038/s41586-024-
07602-x

Parrotta JA, Turnbull JW, Jones N (1997) Catalyzing native forest regeneration on degraded tropical lands.
Forest Ecol Manag 99: 1-7. https://doi.org/10.1016/50378-1127(97)00190-4

Pedersen PBM, Olsen JB, Sandel B, Svenning J-C (2019) Wild Steps in a semi-wild setting? Habitat selection
and behavior of European bison reintroduced to an enclosure in an anthropogenic landscape.
PLOS ONE 14:e0198308. https://doi.org/10.1371/journal.pone.0198308

Pedlar JH, Mckenney DW, Aubin I, Beardmore T, Beaulieu J, Iverson L, O'neill GA, Winder RS, Ste-Marie C
(2012) Placing forestry in the assisted migration debate. BioScience 62:835-842.
https://doi.org/10.1525/bi0.2012.62.9.10

Perry DA (1998) The scientific basis of forestry. Ann Rev Ecol System 29: 435-466.
https://doi.org/10.1146/annurev.ecolsys.29.1.435

Phillips J (1931) Ecology the foundation of forestry. Empire Forestry Journal 10: 86-105.

Pinchot CC, Royo AA, Stanovick JS, Schlarbaum SE, Sharp AM, Anagnostakis SL (2022) Deer browse
susceptibility limits chestnut restoration success in northern hardwood forests. Forest Ecol Manag
523: 120481. https://doi.org/10.1016/j.foreco.2022.120481

Pita K, Wickham SB, Davis EL, Lauriault P, Johnson A, Le NQ, Mullally S, Schang K, Smitas-Kraas MMA,
Wittmann E, Trant AJ (2024) How does restoration ecology consider climate change uncertainties
in forested ecosystems? Restor Ecol: €14265. https://doi.org/10.53962/sk51-zz5r

Prach K, Leps J, Rejmanek M (2007) Old field succession in central Europe: local and regional patterns. In:
Cramer V and Hobbs R, (eds) Old fields: dynamics and restoration of abandoned farmland. Island
Press, Washington, DC, pp. 180-201.

Putz FE, Redford KH (2010) The importance of defining 'forest': Tropical forest degradation, deforestation,
long-term phase shifts, and further transitions. Biotropica 42:10-20.
https://doi.org/10.1111/j.1744-7429.2009.00567.x

Radeloff VC, Williams JW, Bateman BL, Burke KD, Carter SK, Childress ES, Cromwell KJ, Gratton C, Hasley
AO, Kraemer BM (2015) The rise of novelty in ecosystems. Ecolal Appl 25: 2051-2068.
https://doi.org/10.1890/14-1781.1

Reed SP, Royo AA, Fotis AT, Knight KS, Flower CE, Curtis PS (2021) The long-term impacts of deer herbivory
in determining temperate forest stand and canopy structural complexity. J Appl Ecol 59: 812-821.
https://doi.org/10.1111/1365-2664.14095

Riitters K, Wickham J, O'neill R, Jones B, Smith E (2000) Global-scale patterns of forest fragmentation.
Conserv Ecol 4: 3. https://doi.org/10.5751/ES-00209-040203

Rodriguez-Franco C, Haan TJ (2015) Understanding climate change perceptions, attitudes, and needs of
Forest Service resource managers. J Sustain Forest 34: 423-444,
https://doi.org/10.1080/10549811.2015.1025079

Root-Bernstein M, Gooden J, Boyes A (2018) Rewilding in practice: Projects and policy. Geoforum 97: 292-
304. https://doi.org/10.1016/j.geoforum.2018.09.017

Runyan C, D'odorico P. (2016) Global Deforestation. Cambridge University Press, Cambridge, UK.
https://doi.org/10.1017/CB09781316471548

Sabatini FM, Burrascano S, Keeton WS, Levers C, Lindner M, Potzschner F, Verkerk PJ, Bauhus J, Buchwald
E, Chaskovsky O, Debaive N, Horvath F, Garbarino M, Grigoriadis N, Lombardi F, Marques Duarte
|, Meyer P, Midteng R, Mikac S, Mikola$ M, Motta R, Mozgeris G, Nunes L, Panayotov M, Odor P,
Ruete A, Simovski B, Stillhard J, Svoboda M, Szwagrzyk J, Tikkanen O-P, Volosyanchuk R, Vrska T,
Zlatanov T, Kuemmerle T (2018) Where are Europe's last primary forests? Divers Distrib 24: 1426-
1439. https://doi.org/10.1111/ddi.12778

Sabogal C, Besacier C, Mcguire D (2015) Forest and landscape restoration: concepts, approaches and
challenges for implementation. Unasylva 66:3.

Sang Z, Hamann A, Aitken SN (2021) Assisted migration poleward rather than upward in elevation
minimizes  frost risks in plantations. Clim Risk Manag  34: 100380.
https://doi.org/10.1016/j.crm.2021.100380

Reforesta Scientific Society 80


https://doi.org/10.1038/s41586-024-07602-x
https://doi.org/10.1038/s41586-024-07602-x
https://doi.org/10.1016/S0378-1127(97)00190-4
https://doi.org/10.1371/journal.pone.0198308
https://doi.org/10.1525/bio.2012.62.9.10
https://doi.org/10.1146/annurev.ecolsys.29.1.435
https://doi.org/10.1016/j.foreco.2022.120481
https://doi.org/10.53962/sk51-zz5r
https://doi.org/10.1111/j.1744-7429.2009.00567.x
https://doi.org/10.1890/14-1781.1
https://doi.org/10.1111/1365-2664.14095
https://doi.org/10.5751/ES-00209-040203
https://doi.org/10.1080/10549811.2015.1025079
https://doi.org/10.1016/j.geoforum.2018.09.017
https://doi.org/10.1017/CBO9781316471548
https://doi.org/10.1111/ddi.12778
https://doi.org/10.1016/j.crm.2021.100380

REFORESTA 18:59-82 Stanturf et al.

Santopuoli G, Temperli C, Alberdi I, Barbeito I, Bosela M, Bottero A, Klop¢i¢ M, Lesinski J, Panzacchi P,
Tognetti R (2021) Pan-European sustainable forest management indicators for assessing Climate-
Smart Forestry in Europe. Can J Forest Res 51: 1741-1750. https://doi.org/10.1139/cjfr-2020-
0166

Sarr D, Puettmann K, Pabst R, Cornett M, Arguello L (2004) Restoration ecology: new perspectives and
opportunities for forestry. J Forest 102(5): 20-24. https://doi.org/10.1093/jof/102.5.20

Sasaki N, Putz FE (2009) Critical need for new definitions of "forest" and "forest degradation" in global
climate change agreements. Conserv Llett 2: 226-232. https://doi.org/10.1111/j.1755-
263X.2009.00067.x

Schittko C, Bernard-Verdier M, Heger T, Buchholz S, Kowarik I, Lippe M, Seitz B, Joshi J, Jeschke J (2020) A
multidimensional framework for measuring biotic novelty: How novel is a community? Global
Change Biol 26(8): 4401-4417. https://doi.org/10.1111/gcb.15140

Seddon N, Smith A, Smith P, Key I, Chausson A, Girardin C, House J, Srivastava S, Turner B (2021) Getting
the message right on nature-based solutions to climate change. Global Change Biol 27: 1518-
1546. https://doi.org/10.1111/gcb.15513

SERI (2004) URL http://www.ser.org/resources/resources-detail-view/ser-international-primer-on-
ecological-restoration (accessed 1 September 2024).

Serrano MS, Romero MA, Homet P, GGmez-Aparicio L (2022) Climate change impact on the population
dynamics of exotic pathogens: The case of the worldwide pathogen Phytophthora cinnamomi.
Agr Forest Meteorol 322: 109002. https://doi.org/10.1016/j.agrformet.2022.109002

Sexton JO, Noojipady P, Song X-P, Feng M, Song D-X, Kim D-H, Anand A, Huang C, Channan S, Pimm SL,
Townshend JR (2016) Conservation policy and the measurement of forests. Nat Clim Change 6:
192-196. https://doi.org/10.1038/nclimate2816

Shephard NT, Narine L, Peng Y, Maggard A (2022) Climate Smart Forestry in the Southern United States.
Forest 13:1460. https://doi.org/10.3390/f13091460

Soto |, Balzani P, Carneiro L, Cuthbert RN, Macédo R, Serhan Tarkan A, Ahmed DA, Bang A, Bacela-
Spychalska K, Bailey SA, Baudry T, Ballesteros-Mejia L, Bortolus A, Briski E, Britton JR, Bufi¢ M,
Camacho-Cervantes M, Cano-Barbacil C, Copilas-Ciocianu D, Coughlan NE, Courtois P, Csabai Z,
Dalu T, De Santis V, Dickey JWE, Dimarco RD, Falk-Andersson J, Fernandez RD, Florencio M, Franco
ACS, Garcia-Berthou E, Giannetto D, Glavendekic MM, Grabowski M, Heringer G, Herrera |, Huang
W, Kamelamela KL, Kirichenko NI, Kouba A, Kourantidou M, Kurtul I, Laufer G, Liptdk B, Liu C,
Lépez-Lépez E, Lozano V, Mammola S, Marchini A, Meshkova V, Milardi M, Musolin DL, Nufiez
MA, Oficialdegui FJ, Patoka J, Pattison Z, Pincheira-Donoso D, Piria M, Probert AF, Rasmussen JJ,
Renault D, Ribeiro F, Rilov G, Robinson TB, Sanchez AE, Schwindt E, South J, Stoett P, Verreycken
H, Vilizzi L, Wang Y-J, Watari Y, Wehi PM, Weiperth A, Wiberg-Larsen P, Yapici S, Yogurtguoglu B,
Zenni RD, Galil BS, Dick JTA, Russell JC, Ricciardi A, Simberloff D, Bradshaw CJA, Haubrock PJ (2024)
Taming the terminological tempest in invasion science. Biol Rev 99: 1357-1390.
https://doi.org/10.1111/brv.13071

Soulé M, Noss R (1998) Rewilding and biodiversity: complementary goals for continental conservation.
Wild Earth 8: 18-28.

Spinu AP, Niklasson M, Zin E (2020) Mesophication in temperate Europe: A dendrochronological
reconstruction of tree succession and fires in a mixed deciduous stand in Biatowieza Forest. Ecol
Evol 10. https://doi.org/10.1002/ece3.5966

Stanturf J, Harvey W, Petrokofsky G, Darabant A, Petrokofsky L, Adhikari S, Arora G, Bannister J, Derkyi M,
Foli E, Guariguata MR, Quevedo Fernandez ML, Trujillo-Miranda AL (2023) Forest Related Nature-
Based Solutions - Review of terms and concepts - from afforestation to forest landscape
restoration. International Union of Forest Research Organizations, Vienna.

Stanturf J, Mansourian S, Kleine M (2017) Implementing Forest Landscape Restoration, A Practitioner's
Guide. International Union of Forest Research Organizations, Vienna, Austria.

Stanturf J, Palik B, Dumroese RK (2014a) Contemporary forest restoration: A review emphasizing function.
Forest Ecol Manag 331: 292-323. https://doi.org/10.1016/].foreco.2014.07.029

Reforesta Scientific Society 81


https://doi.org/10.1139/cjfr-2020-0166
https://doi.org/10.1139/cjfr-2020-0166
https://doi.org/10.1093/jof/102.5.20
https://doi.org/10.1111/j.1755-263X.2009.00067.x
https://doi.org/10.1111/j.1755-263X.2009.00067.x
https://doi.org/10.1111/gcb.15140
https://doi.org/10.1111/gcb.15513
https://doi.org/10.1016/j.agrformet.2022.109002
https://doi.org/10.1038/nclimate2816
https://doi.org/10.3390/f13091460
https://doi.org/10.1111/brv.13071
https://doi.org/10.1002/ece3.5966
https://doi.org/10.1016/j.foreco.2014.07.029

REFORESTA 18:59-82 Stanturf et al.

Stanturf JA (2005) What is forest restoration? In: Stanturf JA, Madsen P (Eds) Restoration of boreal and
temperate forests, CRC Press, Boca Raton, p. 3-11. https://doi.org/10.1201/9780203497784.pt1

Stanturf JA (2015) Future landscapes: opportunities and challenges. New Forest 46: 615-644.
https://doi.org/10.1007/s11056-015-9500-x

Stanturf JA, Dumroese RK, Elliott S, Ivetic V, Kleine M, Lang M, L6f M, Madsen P, Prescott C, Khokthong W,
Young T (2024a) Advances in forest restoration management and technology. In: Katila P, Colfer
CJP, Jong WD, Galloway G, Pacheco P and Winkel G, (eds) Restoring Forests and Trees for
Sustainable Development - Policies, Practices, Impacts and Ways Forward. Oxford University
Press, Oxford, UK, pp. 299-336. https://doi.org/10.1093/9780197683958.003.0011

Stanturf JA, Iveti¢ V, Dumroese RK (2024b) Framing recent advances in assisted migration of Trees: A
Special Issue. Forest Ecol Manag 551: 121552. https://doi.org/10.1016/j.foreco.2023.121552

Stanturf JA, Mansourian S (2020) Forest landscape restoration: state of play. Royal Soc Open Sci 7: 201218.
https://doi.org/10.1098/rs0s.201218

Stanturf JA, Palik BJ, Williams MI, Dumroese RK, Madsen P (2014b) Forest restoration paradigms. J Sustain
Forest 33: S161-S194. https://doi.org/10.1080/10549811.2014.884004

Stokely TD, Kormann UG, Betts MG (2020) Synergistic effects of wild ungulates and management
intensification suppress native plants and promote exotics. Forest Ecol Manag 460: 117772.
https://doi.org/10.1016/j.foreco.2019.117772

Svensson J, Mikusinski G, Bubnicki JW, Andersson J, Jonsson BG (2023) Boreal forest landscape restoration
in the face of extensive forest fragmentation and loss. In: Girona MM, Morin H, Gauthier S and
Bergeron Y (eds) Boreal Forests in the Face of Climate Change: Sustainable Management. Springer
International Publishing, Cham, pp. 491-510. https://doi.org/10.1007/978-3-031-15988-6_19

Timko J, Le Billon P, Zerriffi H, Honey-Rosés J, De La Roche |, Gaston C, Sunderland TCH, Kozak RA (2018) A
policy nexus approach to forests and the SDGs: tradeoffs and synergies. Curr Opin Env Sust 34: 7-
12. https://doi.org/10.1016/j.cosust.2018.06.004

Veldman JW, Overbeck G, Negreiros D, Mahy G, Le Stradic S, Fernandes GW, Durigan G, Buisson E, Putz FE,
Bond WJ (2015) Tyranny of trees in global climate change mitigation. Sci 347: 484-485.
https://doi.org/10.1126/science.347.6221.484-c

Veldman JW, Silveira FA, Fleischman FD, Ascarrunz NL, Durigan G (2017) Grassy biomes: An inconvenient
reality for large-scale forest restoration? A comment on the essay by Chazdon and Laestadius. Am
J Bot 104: 649-651. https://doi.org/10.3732/ajb.1600427

Venhuizen GJ, Hut R, Albers C, Stoof CR, Smeets | (2019) Flooded by jargon: how the interpretation of
water-related terms differs between hydrology experts and the general audience. Hydrol Earth
Syst Sci 23: 393-403. https://doi.org/10.5194/hess-23-393-2019

Verkerk P, Costanza R, Hetemaki L, Kubiszewski I, Leskinen P, Nabuurs G, Potocnik J, Palahi M (2020)
Climate-smart forestry: the missing link. Forest Policy Econ 115: 102164.
https://doi.org/10.1016/j.forpol.2020.102164

Vodde F, Koster K, Metslaid M, Kuuluvainen T (2013) Preface to the special issue: the impact of ungulates
and other mammalian herbivores on forest ecosystems. Boreal Environ Res 18: 1-4.

Wagner MR, Block WM, Geils BW, Wenger KF (2000) Restoration ecology: A new forest management
paradigm, or another merit badge for foresters? J Forest 98: 22-27.
https://doi.org/10.1093/jof/98.10.22

Williams JW, Jackson ST (2007) Novel climates, no-analog communities, and ecological surprises. Front
Ecol Environ 5: 475-482. https://doi.org/10.1890/070037

Williams MI, Dumroese RK (2013) Preparing for climate change: Forestry and assisted migration. J Forest
114: 287-297. https://doi.org/10.5849/jof.13-016

Xu W, Prescott CE (2024) Can assisted migration mitigate climate-change impacts on forests? Forest Ecol
Manag 556: 121738. https://doi.org/10.1016/j.foreco.2024.121738

Zahawi RA, Reid JL, Holl KD (2014) Hidden costs of passive restoration. Restor Ecol 22: 284-287.
https://doi.org/10.1111/rec.12098

Reforesta Scientific Society 82


https://doi.org/10.1201/9780203497784.pt1
https://doi.org/10.1007/s11056-015-9500-x
https://doi.org/10.1093/9780197683958.003.0011
https://doi.org/10.1016/j.foreco.2023.121552
https://doi.org/10.1098/rsos.201218
https://doi.org/10.1080/10549811.2014.884004
https://doi.org/10.1016/j.foreco.2019.117772
https://doi.org/10.1007/978-3-031-15988-6_19
https://doi.org/10.1016/j.cosust.2018.06.004
https://doi.org/10.1126/science.347.6221.484-c
https://doi.org/10.3732/ajb.1600427
https://doi.org/10.5194/hess-23-393-2019
https://doi.org/10.1016/j.forpol.2020.102164
https://doi.org/10.1093/jof/98.10.22
https://doi.org/10.1890/070037
https://doi.org/10.5849/jof.13-016
https://doi.org/10.1016/j.foreco.2024.121738
https://doi.org/10.1111/rec.12098

