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Abstract: To be successful, actions for mitigating climate change in the forest and forest sector will
not only need to be informed by the best available science, but will also require strong public and/or
political acceptability. This paper presents the results of a novel analytical-deliberative engagement
process that brings together stakeholders and Indigenous Peoples in participatory workshops
in the interior and coastal regions of British Columbia (BC) to evaluate a set of potential forest
carbon mitigation alternatives. In particular, this study examines what objectives are prioritized by
stakeholders and Indigenous Peoples when discussing forest carbon mitigation in BC’s forests, as well
as the perceived effectiveness of, and levels of support for, six forest-based carbon mitigation strategies.
We start by describing the methodological framework involving two series of workshops. We then
describe the results from the first round of workshops where participants identified 11 objectives
that can be classified into four categories: biophysical, economic, social, and procedural. Afterwards,
we discuss the second series of workshops, which allowed participants to evaluate six climate
change mitigation strategies against the objectives previously identified, and highlight geographical
differences, if any, between BC’s coastal and interior regions. Our results effectively illustrate the
potential and efficacy of our novel methodology in informing a variety of stakeholders in different
regions, and generating consistent results with a surprising degree of consensus on both key objectives
and preference for mitigation alternatives. We conclude with policy recommendations on how to
consider various management objectives during the design and implementation of forest carbon
mitigation strategies.
Keywords: climate change mitigation; forest management; forest carbon; preferences; deliberativeanalytical process; British Columbia

1. Introduction
The management of forests has great potential to reduce greenhouse gas emissions and/or
increase carbon removals from the atmosphere [1,2]. The way we manage our forests, the types of
wood products we produce, and how we use and ultimately dispose of those products, can significantly
influence the carbon balance of our forest sector. As with many other jurisdictions, the government
of British Columbia (BC), Canada, envisions an important role played by forest management in
reaching their climate change mitigation targets [3,4]. BC’s 55 million hectares of forests (more than
any European country except Russia), 95% of which are publicly owned, have an important role to
play in the global carbon cycle [5]. Nevertheless, while the province has ambitious climate policies
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(e.g., the first revenue neutral carbon tax in North America), a recent study indicates that the province
has few effective policies targeting forest carbon management [6]. In addition, BC’s forest carbon
offset program, which is arguably the most significant policy dealing with climate change mitigation
in the forests to date, faces important barriers and limitations [7,8]. While the Climate Leadership Plan
announced by the province in 2016 promised a Forest Carbon Initiative, very little concrete information
has been provided as to how this will translate into on-the-ground actions other than one general
funding announcement [4,9].
To be successful, actions for mitigating climate change will not only need to be informed by
the best available science, but will also require political and social acceptability, particularly since
forest management entails a diversity of multifaceted, interconnected, and competing values [10].
In effect, sustainable forest management necessitates an integrated approach that balances economic
(e.g., timber harvesting, forage), environmental (e.g., biodiversity, erosion, carbon sequestration), social
(e.g., recreational, employment), and cultural (e.g., well-being, spiritual) uses, values, and interests that
all need to be considered [10–12]. Because of this complexity, decision-making on forest management
benefits from involving interested or affected actors “to ensure that all relevant information is included,
that it is synthesized in a way that addresses the parties’ concerns, and that those who may be affected
by a risk decision are sufficiently well informed and involved to participate meaningfully in the
decision” [13] (p. 30). Such a participatory approach ensures not only that all values are considered,
but also that the resulting strategies benefit from public acceptability, legitimacy, and credibility.
This paper presents the results of a novel analytical-deliberative engagement process that brings
together stakeholders and Indigenous Peoples in participatory workshops across the province to
evaluate a set of potential forest carbon mitigation alternatives. By doing so, we answer two main
research questions:
1.
2.

What main objectives do stakeholders and Indigenous Peoples prioritize when discussing carbon
mitigation in BC’s forest sector?
What are BC’s stakeholders and Indigenous Peoples’ preferences for, and perceived acceptability,
credibility, and effectiveness of, climate change mitigation options in BC’s forest sector?

Indigenous Peoples in BC and in Canada have distinct legal rights and title to the land and
natural resources and do not view themselves as normal stakeholders (for more details, see [14,15]).
We will therefore make a distinction between Indigenous Peoples and non-indigenous stakeholders
throughout the paper. Importantly, this distinction is only used in the manuscript—Indigenous People
participants were included and treated as all other participants during the engagement process.
This engagement is part of a larger research project, the Forest Carbon Management Project
(hereafter “larger research project”; this project is funded by the Pacific Institute for Climate Solutions),
which aims to generate recommendations for regionally specific forest carbon mitigation activities
for BC’s forests, while maximising the environmental, economic, and social benefits. We begin
by providing an overview of forest carbon management in BC, followed by a presentation of
our methodological framework with detailed summaries of analytical-deliberative processes in
general, and our analytical-deliberative province-wide engagement process specifically. Subsequently,
we discuss the results of the engagement process, revealing the values that should be considered
when developing and evaluating forest carbon management strategies, as well as the outcomes of
the multi-criteria evaluation of six mitigation strategies, highlighting key trade-offs and geographical
differences between BC’s coastal and interior regions. Finally, we present individual participants’
levels of support for the different strategies, including regional and sectoral discrepancies, and discuss
implications for forest carbon management.
2. Forest Carbon Management in British Columbia
The forest carbon cycle comprises various pools amassing or releasing carbon, including
components of forest ecosystems, such as biomass (e.g., plants and trees), soil, dead organic matter
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and litter, and pools from the forest product sector (e.g., wood in construction) [1,2]. A forest’s net
» (GHG) emissions result from the difference in the transfer of carbon between these pools. While a
forest can represent a carbon sink when it removes more carbon than it emits into the atmosphere,
it can also act as a carbon source when it emits more carbon than it removes. Taking into account all
carbon pools, BC’s forests acted as a carbon sink between 1990 and 2002, but became a net carbon
source in 2003 and have emitted more than they sequestered ever since [5]. This shift from sink to
source is mainly due to an increase in wildfires and the large number of trees killed by the mountain
pine beetle outbreak [16,17].
Incremental activities that reduce GHG emissions from forests or increase removals of carbon
from the atmosphere compared to business-as-usual activities are considered forest carbon mitigation
actions. The evaluation of an action’s net effect on GHG emissions or removals requires a systems
perspective that accounts for its impact on: (1) forest ecosystem emissions and removals; (2) storage
of carbon in wood products; and (3) substitution effects, which are the impact of substituting wood
products for other products (e.g., cement, steel) and fossil fuels (e.g., natural gas, coal) that are more
emissions-intensive on a life cycle basis [18–21]. From a climate perspective, there are therefore
important alignments and trade-offs between increasing carbon storage in forest ecosystems and
seeking to obtain mitigation benefits through the use of wood.
For the purpose of simplicity, possible mitigation strategies in BC’s forests can be classified
into three main categories (inspired by [19,20]). The first category refers to activities targeting the
preservation of existing forest areas through reduced deforestation or the increased expansion of forest
areas through afforestation. The second category involves maintaining or increasing forest carbon
density (i.e., the quantity of carbon sequestered in a given area of forest). To do so, various sustainable
forest management strategies can be implemented, including conservation approaches, silvicultural
activities that increase growth rates and carbon uptake of trees, harvesting practices that reduce carbon
losses (e.g., avoided slash burning), and efforts to reduce the impacts of natural disturbances. The third
set of strategies relates to the use of wood products to generate off-site carbon stocks and replace
energy-intensive products and fossil fuels.
3. Methods
3.1. Analytic-Deliberative Processes
Public and stakeholder engagement and participatory processes in environmental and natural
resource management have become increasingly prominent over the past several decades [22,23].
Accordingly, a variety of tools and methods have been developed to incorporate the perspectives
of various groups in the decision-making process [24]. Of particular interest here are methods
combining quantitative, scientific, and analytical methods with deliberative and participatory
components, known as analytic-deliberative processes [13,25]. By “reconcil[ing] ‘technocratic’ and
‘citizen-centric’ approaches” [26] (p. 300), analytic-deliberative methods offer attractive alternatives to
traditional participatory processes. The analytic component implies the use of precise, reproducible,
reliable, and agreed upon procedures, enabling the structuring and resolution of factual problems.
In contrast, deliberation involves a process of discussion, debate, and rational argumentation where
participants share their positions, try to convince each other, and improve their understanding. Within
analytic-deliberative, the two components complement each other: the analysis provides information,
knowledge, and structure to deliberation, which in turn informs what type of analysis is needed.
One such analytic-deliberative process, multi-criteria decision analysis (MCDA), represents an
appealing approach that facilitates and structures the decision-making process. Primarily conceived
as technical approaches to be used by a single decision maker [24], MCDA methods have evolved to
integrate stakeholder inputs and concerns in the field of forest management [11,27,28]. Insights for
developing structuring processes can also be acquired from Structured Decision Making (SDM) [29–31].
One of the main differences between SDM and conventional participatory MCDA is the emphasis
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The engagement process presented in this study is separated into three phases based on the five
The engagement process presented in this study is separated into three phases based on the five
steps of MCDA and SDM (Figure 1), including two cycles of workshops. All the workshops were led
steps of MCDA and SDM (Figure 1), including two cycles of workshops. All the workshops were led
and moderated by the first and second authors of this paper.
and moderated by the first and second authors of this paper.

Figure 1. Overview of three phases of engagement process and how they integrate the five steps of
Figure 1. Overview of three phases of engagement process and how they integrate the five steps of
multi-criteria decision analysis/Structured Decision Making.
multi-criteria decision analysis/Structured Decision Making.
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storage characterizing old-growth forests [32,33]. For the purpose of this paper, we will compare the
combined results of the coastal (Vancouver and Nanaimo) and interior (Kamloops and Prince George)
forestry regions.
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3.2.2. First Series of Participatory Workshops: Objective Identification
3.2.2. First Series of Participatory Workshops: Objective Identification
The second phase of the engagement process involved a first round of participatory workshops
The second phase of the engagement process involved a first round of participatory workshops
with the goal of identifying a list of important objectives to be considered when generating and
with the goal of identifying a list of important objectives to be considered when generating and
evaluating climate change mitigation strategies for BC’s forests. In this first round, we held five 3.5h workshops between February and March 2016 in the two pre-identified regions: coast (two
workshops in Vancouver, one in Nanaimo (because of the larger number of interested participants,

Forests 2018, 9, 225

6 of 22

evaluating climate change mitigation strategies for BC’s forests. In this first round, we held five 3.5-h
workshops between February and March 2016 in the two pre-identified regions: coast (two workshops
Forests 2018, 9, one
x FORinPEER
REVIEW(because of the larger number of interested participants, two workshops
6 of 22
in Vancouver,
Nanaimo
were held in Vancouver) and interior (one workshop each in Kamloops and Prince George). A total
two workshops were held in Vancouver) and interior (one workshop each in Kamloops and Prince
of 76 participants from different groups of actors with interest in, and knowledge of, BC’s forests
George). A total of 76 participants from different groups of actors with interest in, and knowledge of,
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Figure 3. Representation (number of participants) by region of different groups of actors during the
two series of participatory workshops: 1st round February–March 2016, 2nd round May–June 2017.
two series of participatory workshops: 1st round February–March 2016, 2nd round May–June 2017.
Percent of total participants for each group and total number of participants at each series of
Percent of total participants for each group and total number of participants at each series of workshops
workshops is also shown.
is also shown.
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of groups of actors. We encouraged each group to reach agreement on a set of objectives and subobjectives through discussions. Group results were then presented and discussed in plenary. An
agreement was reached when all workshop participants agreed on a final list of objectives.
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want to achieve, rather than on “means”, the actions to be undertaken. Participants were clustered
into small groups of three to five individuals, making sure that each contained a diversity of groups of
actors. We encouraged each group to reach agreement on a set of objectives and sub-objectives through
discussions. Group results were then presented and discussed in plenary. An agreement was reached
when all workshop participants agreed on a final list of objectives.
After completion of the workshops, we created an aggregated list of objectives. We first coded
the objectives based on their workshop of origin. In an attempt to create a consensus list of objectives
without outliers (i.e., objectives that only convey the opinion of a small proportion of participants),
we eliminated any objectives that were not identified in more than one workshop. We then combined
together the objectives that had the same or very similar meaning, making sure to keep, as much as
possible, the wording used by the participants. During this process, some objectives were transformed
into sub-objectives, defined as “clarification of what is meant by the objective”; sub-objectives are
mostly useful for providing more details about what is meant by a more general objective [29].
Following the workshops, we invited participants to complete an online follow-up survey
distributed using Fluidsurvey. A total of 52 out of 76 participants responded to the survey (68%
response rate). Participants were asked to describe their overall level of agreement with the aggregated
list of objectives using a five-point continuous interval scale. A majority of respondents (84%) either
“agreed” or “strongly agreed” with the list of objectives identified during the workshops. Because of
this level of agreement, no subsequent modification was made to the list of objectives. We also asked
participants to weight the relative importance of the objectives by answering the survey question using
a nine-point continuous interval scale, from ‘not important at all (0)’ to ‘very important (8)’.
3.2.3. Second Series of Workshops: Evaluation of Mitigation Strategies
The third phase of the engagement process aimed to allow stakeholders and Indigenous Peoples
to evaluate six climate change mitigation strategies (see Table 1 for description) against the objectives
previously identified. Five of the strategies affect the management of forest ecosystems, whilst the sixth
deals with the use of wood and its allocation to short- and long-lived product types. It is important to
note that the strategies being examined in this study are not the full suite of mitigation alternatives,
and some options, such as those related to preserving existing forest areas (i.e., reduced deforestation)
or creating new forest areas (i.e., afforestation), are not included.
Table 1. Climate change mitigation strategies evaluated by stakeholders and Indigenous Peoples
during the participatory workshops of phase 3.
Strategy
Bioenergy

Description
A recovery of a portion of harvest residues for local bioenergy production to replace
fossil fuels.
A reduction of on-site burning of harvest residues (pile-burning of slash).

Higher Utilization

Higher utilization of wood from harvest cut blocks so that more wood is extracted per
hectare, thereby lowering the area harvested while keeping the harvest volume unchanged.
Increased proportion of salvage harvesting, referring to the harvesting of trees in forests
affected by natural disturbances such as fire and insects, to replace green tree harvesting.

Longer-lived wood
products (LLWP)

The production of a commodity mix shifted towards a greater proportion of longer-lived
products (sawnwood, other solid wood, and panels), at the expense of pulp and paper
products. Both the baseline harvest volume and the proportion exported for each product
are assumed to remain unchanged.

Reduced harvest

A reduction in harvest with a corresponding decrease in production of wood products.

Rehabilitation *

The reforestation of underproductive sites where no trees would otherwise be planted.

Old growth conservation

Prevent the harvesting of old growth forests, defined as stands older than 250 years old.
* Not included in modelling [37].
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Four one-day participatory workshops (7.5 h each), held during May and June 2017, revisited
the same four locations as the first series of workshops (Figure 2). Participation in the first series of
workshops was not a prerequisite to be invited. In total, 72 participants from the eight different groups
of actors took part in the workshops (Figure 3), out of which 44 (61%) also participated in the previous
series of workshops.
The first hour of the workshops was devoted to presenting the six mitigation strategies (Table 1)
that would be evaluated and the set of objectives that would be used to evaluate them. The presentation
mainly revisited the information found in a consultation document (supplementary material titled
“Primer second series of workshops”) that had been provided to the participants in preparation for
the event and describes in detail the whole process, the objectives, and the strategies [38]. Five of
the evaluated strategies originate from a parallel study [37], independent of the engagement process,
that was carried out by a team of multidisciplinary experts from the overarching project. At least
one member of this team attended each of the workshops as technical experts. The parallel process
involved the development of strategies and the modelling of their climate change mitigation potential,
financial, and socioeconomic impacts for the years 2017–2050 (more details on the strategies and
the modelling exercise can be found in [37]; Table S1 identifies the outputs of the biophysical and
socio-economic modelling that were provided to workshop participants). Late in the process, a sixth
strategy, rehabilitation, was added because it had subsequently been proposed by the government of
BC as a potential mitigation strategy in the Climate Leadership Plan [4] and was included in the BC
government’s Forest Carbon Initiative announced in February 2017. Time constraints did not allow
for modelling of this rehabilitation strategy to be carried out. However, since it may represent an
important mitigation strategy for the BC government, we decided to introduce it in the engagement
process, acknowledging that the lack of modelling results represents a limitation.
We asked participants to evaluate in small groups (three to six people) each of the six strategies
against the objectives. Each group purposefully contained a diversity of actors and was assigned
a moderator who took detailed notes of the main issues and trade-offs discussed. The groups in
Vancouver and Nanaimo evaluated the strategies for the coastal region, whereas participants in
Kamloops and Prince George evaluated the strategies for the interior region. To keep the process
straightforward for participants, a simplified value measurement technique inspired by the Simple
Multi Attribute Rating Technique (SMART) was used [39–42]. The small mixed groups were asked to
evaluate through consensus rating the performance of each strategy against each objective with the
use of an 11-point continuous scale (from ‘very good’ to ‘very poor’; modified from [43]).
To conclude the workshops, results of the evaluation exercise were presented back to, and
discussed with, the participants in plenary. Participants were also allowed to raise questions and/
or comments about the engagement process, the modelling methodology, and results, and to
converse about their experience during the workshop (e.g., what they learned/observed, what they
liked/disliked). Before leaving, participants filled in a short survey where they were asked to provide
their individual levels of support for the strategies using a five-point continuous interval scale.
3.3. Data Analysis
Both descriptive and inferential statistics were performed in R Studio (version 1.0.153, Integrated
Development for R. RStudio Inc., Boston, MA, USA, http://rstudio.org/). Because of the ordinal nature
of continuous interval scales, we used nonparametric tests (Mann–Whitney U test and Kruskal–Wallis
one-way analysis) to compare the perceived importance of the objectives by regions (first series of
workshops), and individual levels of support for the various mitigation strategies by regions and
groups of actors (second series of workshops). This was to permit analysis of differences between the
original stakeholder groups represented by participants.
For analysis purposes, the 11-point continuous linguistic scale used for the group evaluation of
the mitigation strategies was transformed into numeric scores. A cumulative derived preference for
each strategy was calculated by summing, for each objective, the product of the aggregated individual
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Figure 4. List of the 11 key objectives and sub-objectives for evaluating BC’s forests carbon mitigation
strategies by categories. The sub-objectives reflect what was discussed in the workshops and may
strategies by categories. The sub-objectives reflect what was discussed in the workshops and may only
only partially describe the scope of the objectives, meaning that specific issue (e.g., aesthetic values)
partially describe the scope of the objectives, meaning that specific issue (e.g., aesthetic values) may not
may not be represented in the list.
be represented in the list.

The perceived importance of the 11 objectives based on a nine-point continuous interval scale
aggregated across all participants is illustrated in Figure 5. All of these objectives are rated on the
higher end of the importance scale, though the biophysical objective tended to be the highest rated
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which was relatively low at 12%, would have increased the perceived importance of the two objectives
associated with indigenous peoples.
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Bioenergy
Bioenergy
The evaluation of the bioenergy strategy was mainly consistent in both regions. The strategy
The evaluation of the bioenergy strategy was mainly consistent in both regions. The strategy
scored relatively low against the biophysical objectives, mainly because of concerns that removing an
scored relatively low against the biophysical objectives, mainly because of concerns that removing an
excessive amount of coarse woody debris, which holds a key role in providing nutrients and habitats
excessive amount of coarse woody debris, which holds a key role in providing nutrients and habitats
to plants, animals, and insects, could lead to soil disturbance and negatively affect ecosystem services
to plants, animals, and insects, could lead to soil disturbance and negatively affect ecosystem services
and ecological habitats (for instance, see [32]). Consequently, many participants agreed that
and ecological habitats (for instance, see [32]). Consequently, many participants agreed that sustainable
sustainable harvesting of residues should be ensured by identifying the ecologically valuable
harvesting of residues should be ensured by identifying the ecologically valuable proportion of the
proportion of the biomass that should be left on the forest floor (discussed in [53]). Participants did
biomass that should be left on the forest floor (discussed in [53]). Participants did not appear to
not appear to associate bioenergy use from forest thinning for fire risk reduction as a climate change
associate bioenergy use from forest thinning for fire risk reduction as a climate change adaptation
adaptation strategy, or a potential win-win strategy (see [54]).
strategy, or a potential win-win strategy (see [54]).
Participants generally recognized the mitigation potential of limiting wood waste at harvest and
Participants generally recognized the mitigation potential of limiting wood waste at harvest and
using a portion of harvest residues for energy to replace local fossil fuel use, especially since the
using a portion of harvest residues for energy to replace local fossil fuel use, especially since the carbon
carbon would otherwise be emitted to the atmosphere, either progressively through decay or
would otherwise be emitted to the atmosphere, either progressively through decay or immediately
immediately through slash-and-burn, as discussed by Miner, et al. [55] and Smyth, et al. [56].
through slash-and-burn, as discussed by Miner, et al. [55] and Smyth, et al. [56]. Participants insisted
Participants insisted that bioenergy should only be used to replace emission-intensive fossil fuels
that bioenergy should only be used to replace emission-intensive fossil fuels such as coal and diesel, but
such as coal and diesel, but not clean energy (for example, see [57]). Many groups also discussed the
not clean energy (for example, see [57]). Many groups also discussed the fact that the strategy would
fact that the strategy would be most effective in the context of off-the-grid remote communities that
be most effective in the context of off-the-grid remote communities that are using emission-intensive
are using emission-intensive energy sources like diesel (discussed in [58]). Although it was not
energy sources like diesel (discussed in [58]). Although it was not analysed or presented to participants,
analysed or presented to participants, many wished to stress that standing live trees should not be
many wished to stress that standing live trees should not be harvested to produce bioenergy. Standing
harvested to produce bioenergy. Standing live trees are typically not harvested for bioenergy in BC
live trees are typically not harvested for bioenergy in BC since they typically provide greater mitigation
since they typically provide greater mitigation potential when used in long-lived wood products
potential when used in long-lived wood products rather than to produce energy, which offers no or
rather than to produce energy, which offers no or very little emission reductions (discussed in [5,59]).
Some participants believed that the GHG emissions generated by the transportation of harvest
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very little emission reductions (discussed in [5,59]). Some participants believed that the GHG emissions
generated by the transportation of harvest residues to the processing plant should be considered to
ensure the climate effectiveness of the activity.
The strategy scored relatively high against economic and social objectives. Many groups
anticipated that this strategy could lead to the creation of a new industry, involving the construction of
a “bioenergy grid” and numerous processing plants with the potential to stimulate economic and local
development and generate employment in many regions. Some participants also highlighted technical
issues associated with transportation (i.e., extensive distance between residues and processing plants)
and the high upfront cost of building new processing plants, and questioned the cost-effectiveness of
the strategy compared to other options. Finally, while many participants believed that the strategy
would receive public and political support, some feared that bioenergy is still perceived as a “dirty
industry” because of air pollution.
Higher Utilization
Most groups were supportive of the strategy, mentioning that there is a great need to improve
harvesting practice to reduce waste that could otherwise be utilized. However, the strategy’s low
cumulative derived preference (Figure 7) can be partly attributed to the fact that many participants
expressed doubts regarding its technical feasibility. While they agreed that gains at harvest can be made
in some areas (i.e., it is possible to extract and make greater use of harvested material), reservations
were expressed regarding the assumption that the same quality of wood products could be produced
with the extra wood extracted. This feeling was stronger in the interior, where many participants
judged that forest companies already maximize the amount of wood they can cost-effectively extract
from harvested areas.
Similar to the bioenergy strategy, some participants explained that removing an excessive amount
of wood debris could negatively affect climate change adaptation and forest resilience, ecosystem
services, and biodiversity. Nonetheless, some participants advocated the strategy for its potential to
lower the area harvested each year (because more wood is extracted per hectares, a given harvest
volume can be achieved from less area). Higher utilization scored relatively high in terms of its
climate change mitigation potential, with many participants highlighting the benefits of reducing both
the amount of harvesting waste left to decay or to be burned on site and the area harvested while
maintaining carbon transfer into wood products (discussed in [5,56]).
Many groups claimed that “reducing waste” in the forest sector would receive significant social
licence due to the negative perception associated with big slash piles. The strategy’s relatively low
performance against the economic and social objectives is partly due to the technical reservations
previously discussed and the high perceived cost associated with implementing the strategy.
Longer-Lived Wood Products (LLWP)
Participants from both regions highlighted the fact that producing a higher proportion of
longer-lived wood products to the detriment of pulp and paper products did not really affect forest
management on the ground and therefore had no real impact on the first three biophysical objectives
(most groups gave a neutral score).
Participants from both regions agreed that there should be a positive climate change mitigation
potential. While the strategy scored higher than all other strategies in relation to mitigation potential
on the coast, it was perceived as a relatively less effective strategy on average in the interior. This
discrepancy can be explained by the concerns brought up by various participants in regards to what
percent of the carbon removed through harvesting was considered to remain stored and the extent
to which there would be substitution in wood products. In effect, without contesting the benefits
associated with the production of wood products, some participants highlighted the uncertainties
associated with factors used to calculate carbon storage and displacement effects (for instance,
see [53,56,60]), expressing a concern that the current numbers may overestimate the benefit of using
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harvested wood products. Others also discussed the issues associated with leakage (i.e., emissions
avoided in one location simply occur in another location, see [61]), pointing out that the paper
products that are not produced in BC could simply be produced somewhere else if consumption does
not diminish.
In general, the strategy performed well against economic and social objectives. Various
participants hoped that such a strategy could stimulate innovation and the development of new
technologies maximizing the use of lower quality biomass (e.g., harvest residues). However, other
participants, mostly on the coast, mentioned that such a strategy would be challenging to implement
due to the current lack of technical capacity to allow for the transformation of low quality timber into
longer-lived wood products. Others also feared that transitional issues in terms of political feasibility
and economic impacts would arise in the short term because of a reduction in the production of pulp
and paper, which could lead, for instance, to mill closure and the loss of employment in certain regions.
Reduced Harvest
Reduced harvest, which scored similarly in both regions, was deemed effective at increasing
climate change adaptation and forest resilience and maintaining ecosystem services and existing
biodiversity because it allowed for the conservation of more forest areas. However, it was pointed
out that this strategy could also be detrimental in the long term since it would reduce the possibility
of implementing reforestation strategies to adapt to climate change in BC’s forests, including the
use of genomic-assisted seed selection (i.e., selecting seeds from trees that are genetically adapted to
anticipated future climatic conditions; see [62]) and assisted migration (i.e., planting species in areas
that are anticipated to be climatically suitable in the future; see [63]).
While reducing harvest scored relatively high in terms of climate change mitigation, mainly
because of an expected increase in carbon density at the landscape level, some groups argued that the
strategy could significantly reduce the carbon storage and substitution benefits associated with wood
products, and that leakage could simply shift harvest to another location. Certain groups also discussed
the risk of reversal, that is when the mitigation benefits of a strategy are compromised by natural
disturbances such as wildfire or insect outbreaks (see [64]). Such natural disturbances are expected
to increase both in intensity and frequency in BC and in Canada [17,65,66], indicating the risk that
conserved forests may become carbon sources in future years. This issue was particularly emphasized
in the interior region where frequent natural disturbances make it difficult to establish forest carbon
reserves through conservation strategies. As Stinson and Freedman [33] (p. 12) explain, the obstacles
associated with frequent natural disturbances are common to most of Canada’s forests, where “it may
not be feasible to establish protected forest-carbon reserves for the purposes of sequestering and
maintaining carbon on the landscape”.
The strategy scored lowest against all of the economic and social objectives in both regions.
In general, reducing harvest was expected to have negative economic and employment impacts at the
provincial and local levels. Nonetheless, a few groups, mainly on the coast, believed that reducing
harvest could stimulate non-traditional forestry activities (e.g., tourism, use of non-timber forest
products) and, in the long term, induce innovation in the forest sector.
Old Growth Conservation
Conserving old growth forests obtained the highest aggregated score in both regions (Figure 7).
However, some participants questioned the definition of old growth forests used in the modelling of
the strategy (i.e., forests of over 250 years old), pointing out that age class of old growth forests varies
greatly between the coast and the interior.
In general, the strategy was considered the most effective at increasing forest resilience and
maintaining ecosystem services and biodiversity. It was also considered extremely effective at
mitigating climate change, even though issues were raised. First, as with the reduced harvest strategy,
various groups discussed the risks associated with reversal. That being said, while natural disturbances
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are frequent in the interior and could prevent conservation initiatives, various participants highlighted
the conservation opportunities found in BC’s coastal temperate rainforests that are characterized by
very infrequent disturbance natural patterns and a high carbon density [32,33,67].
Second, many groups spent a considerable amount of time discussing the rate of carbon uptake in
old growth forests. Disagreement arose over whether or not carbon uptake by old growth forests (and
therefore their potential role at mitigating climate change) was undervalued by conventional forest
carbon science, which treats older forests as offering a lower carbon uptake than younger maturing
forests [19,68]. Under such conditions, “a conservation strategy with no or limited harvest is expected
to yield landscapes with high carbon density (but lower uptake rates), whereas a strategy that involved
intensive management will yield a forest landscape with a lower carbon density but a higher carbon
uptake rate” [19] (p. 306). Notwithstanding the conclusions of these discussions, most groups agreed
that conserving old growth forests, particularly the temperate rainforests found on BC’s coastal region,
should be done in spite of uncertainties associated with its climate effectiveness. That being said, some
participants, particularly from the forest industry, indicated that large scale old growth conservation
could be detrimental to BC’s forest sector (e.g., reduction of annual allowable cut, loss of employment)
and should thus be implemented with caution.
Conserving old growth forests also scored the highest in terms of social license, with many
participants discussing the historical willingness found in BC’s population for old growth forest
conservation [69,70]. However, trade-offs between social license and political feasibility were also
highlighted, suggesting that possible resistance from the forest industry and forest-dependent
communities could complicate the implementation of the strategy. The strategy scored somewhat
lower against the economic and social objectives for many of the same reasons as the reduced harvest
strategy (e.g., negative impact on economy and employment). Nevertheless, in contrast to the reduced
harvest strategy that focuses solely on reducing harvesting, various groups believed that targeting the
conservation of old growth forests could provide further economic benefits associated with tourism.
Rehabilitation
Rehabilitation received the second highest cumulative score in both regions (Figure 7).
Nonetheless, many participants argued that this strategy was mostly applicable and beneficial in
the interior, where various opportunities exist to plant trees in areas that have been damaged by recent
wildfires or insect infestation [17] and are not successfully regrowing. In contrast, participants on the
coast agreed that a rehabilitation strategy should focus mostly on ecosystem and habitat restoration
activities. While various groups from the coast evaluated the strategy with such activities in mind,
two groups in the coast workshops (one in Vancouver, one in Nanaimo) decided to skip the evaluation
of the strategy because they judged it to be inapplicable.
Participants from both regions agreed that the strategy has the potential to increase climate change
adaptation and forest resilience, provided that it includes activities focused on adaptation (e.g., use
of improved seeds, assisted migration), as discussed above in the context of the reduced harvest
strategy. Similarly, participants mentioned that rehabilitating forests could benefit ecosystem services
and biodiversity only if it focuses on re-establishing and/or improving ecological and structural
characteristics, species diversity and composition, and ecological processes. However, many groups
gave a lower score to the strategy because they feared that the reforestation/rehabilitation actions
would focus on monocultures of only a few commercial species.
Participants on the coast considered that the strategy had positive, although limited, potential
to generate climate change mitigation. In contrast, participants from the interior assessed it as the
most effective strategy for mitigation because of the climate benefits associated with increased carbon
sequestration due to accelerated regrowth.
Participants all agreed that rehabilitation would receive strong public support, thereby supporting
BC government’s Forest Carbon Initiative, which will focus on “the reduction of carbon emissions in
the forest sector and the capture of carbon through the restoration of forests damaged by disease and
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wildfire”
[9]. The rehabilitation strategy was also positively appraised in term of its economic
and
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especially since participants could support more than one strategy. This is particularly important
in the context of forest carbon management in BC, since only an approach that combines various
strategies that are adapted to geographical and economic particularities will be able to maximize
climate benefit [5,56,68]. Second, as previously explained, the LLWP strategy was judged as having no
impact on most biophysical objectives, meaning that its cumulative derived preference averaged lower
than other strategies.
Our results suggest that, in general, there is little divergence in the levels of support for each
of the strategies between regions and between groups of actors, which is not dissimilar to what
was previously found in BC [12]. In effect, no significant difference was found between regions,
and only one significant difference between groups arose, for old growth conservation (Kruskall wallis
H(7) = 15.4, p = 0.03), where the mean response of NGOs (1.65) was significantly higher than the forest
industry (−0.143, p = 0.01). This divergence in support for the old growth strategy also highlights the
enduring division between the environmental movement and the forest industry regarding the role
and importance of conserving old growth forests in BC [69,70,72]. The fact that NGOs were the best
represented group in the evaluation exercise (25% of participants), combined with their advocacy for
increasing old growth conservation, might partly explain why the old growth conservation strategy
performed so well in the evaluation exercise. A greater participation from the forest industry, which
was more likely to oppose the strategy, might have shifted the overall results.
The results in Figure 8 also demonstrate relatively few cases of strong opposition and extreme
polarity in response to alternative scenarios. Only with the higher utilization and bioenergy scenarios
in the Interior was there a substantive minority (>10% of participants) strongly opposed, and every
scenario had substantially more participants who were strongly supportive then strongly opposed.
This suggests that the level of controversy or polarity in public preference may not be high with any of
these options.
5. Conclusions
This study examined what objectives are prioritized by stakeholders and Indigenous Peoples
when discussing forest carbon mitigation in BC’s forests, as well as the perceived effectiveness of,
and levels of support for, six forest-based carbon mitigation strategies through their participation
in an analytical-deliberative engagement process. Our study effectively demonstrates the potential
and efficacy of this non-traditional method in informing a variety of stakeholders in different regions,
and generating consistent results with a surprising degree of consensus on both key objectives and
preference for mitigation alternatives.
Participants identified a total of 11 objectives that can be classified into four categories: biophysical,
economic, social, and procedural. On average, participants ascribed a higher level of importance to
biophysical and procedural objectives than to economic and social objectives. Conservation-focused
strategies (i.e., old growth conservation and reduced harvest) generally performed better against
biophysical objectives and were often judged as more adapted for the coastal region (although old
growth conservation opportunities also exist and were pointed out in the interior), whereas strategies
focused on improving forest management (i.e., higher utilization, bioenergy, rehabilitation, LLWP)
scored higher against economic and social objectives and were generally perceived as most relevant in
the interior. The greater weights granted to biophysical objectives therefore partly explain why old
growth conservation, and reduced harvest to a lesser extent, performed relatively well in terms of their
cumulative derived preferences.
On average, all strategies received positive cumulative derived preferences (i.e., all higher than
60%) and individual levels of support, indicating that stakeholders and Indigenous Peoples are inclined
to consider alternative practices in managing forests and wood products in the context of climate
change mitigation. However, participants also raised various issues that require consideration. Most
notably, questions were raised regarding assumptions used in the modelling (e.g., the rate of carbon
intake in old forests, displacement factors), the costs associated with implementing certain strategies
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(e.g., rehabilitation, higher utilization and bioenergy), and technical limitations that might impede
some strategies (e.g., engineering capacity to transform low grade harvested material into longer-lived
wood products). Additionally, questions were raised about the potential negative impacts of certain
strategies on ecosystems and forest health (e.g., bioenergy, higher utilization), issues that were not
addressed in the modelling.
In addition, many participants argued that some strategies, including old growth conservation,
and to a lesser extent reduced harvest, should be implemented for reasons other than their climate
effectiveness (e.g., biodiversity conservation). However, it was also noted that the expected increase
in natural disturbances due to climate change could limit the capacity to effectively implement these
strategies, particularly in the interior region. This constraint is particularly important in a context
where massive fire and insect outbreaks are typically hard to contain [65], and fire suppression can
sometimes lead to unwanted consequences, leading to the view that it should be implemented with
caution [32]. For instance, one cause of the massive mountain pine beetle outbreak of the 2000s is that
the proportion of mature pine, which is more vulnerable to the beetles, tripled between 1910 and 2000
because of historic fire repression [73]. Consequently, participants agreed that forest management
strategies should aim as much as possible to rebuild the natural resilience of forests to disturbance and
increase their adaptability to climate change.
Very little variation in levels of support for the strategies was found across regions and groups of
actors, with the only significant difference found between NGOs and the forest industry in terms of
their support for the old growth conservation strategy. That being said, the unbalanced representation
of different groups of actors in the workshops, with a marked dominance of NGOs and forestry
professionals (accounting together for nearly 50% of participants), might still have influenced and
somewhat biased the group evaluation of the strategies.
To conclude, the diversity of mitigation options, combined with their associated uncertainties
and complexity, points to a crucial question: how are we to take advantage of alignments and make
trade-offs to identify the best portfolio of mitigation strategies? According to recent studies, forest
carbon mitigation in Canada [37,56,68], as well as other parts of the world (e.g., Sweden [74]; USA [75]),
cannot be maximized by implementing a single strategy, but rather with combinations of options
adapted to geographical particularities. Only a systems perspective taking into account all the carbon
pools and fluxes will allow identification of the best mitigation scenario(s) and an understanding
of the trade-offs between increasing carbon storage in forest ecosystems or increasing it in wood
products [2,18,20]. Forest carbon mitigation will also need to be conceived and implemented together
with climate change adaptation strategies and with other biophysical, procedural, economic, and
social objectives in mind. This paper provides a first overview of these alignments and trade-offs.
A sustained consideration of the perceptions of all interested and affected parties during the design and
implementation of a provincial forest carbon management strategy, as carried out with this approach
to analytic deliberative participation, could help legitimize the process and ensure/sustain its public
acceptance and perceived effectiveness. Investment in carbon-focused management actions in public
forests will also require increased monitoring and reporting of management outcomes. This will
increase the accountability of the managers, particularly in countries where forests are predominantly
publicly owned. Transparency and accountability will be a key prerequisite to sustain public support
and investments in carbon-focused forest management.
Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/9/4/225/s1,
Two primers used as consultation documents for the first and second series of workshops respectively; Table S1:
Results of the biophysical and socio-economic modelling that were provided to participants during the second
series of workshops.
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