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The growing interest in sustainability has pushed governments to elaborate new
legislations and orientations and, in turn, has led companies and organizations
to consider sustainability goals in their strategies, operations management, and
decision-making processes. This is the case in natural resources supply chains, and
particularly in forest products supply chains, where the row resource is publicly owned
but exploited by private companies. While public owners are responsible for the
sustainable management of the resource according to the three sustainability pillars,
industrials tend to focus on the use of the allocated resources tomaximize their utility,
mainly from an economic perspective. The key question is how to rethink the whole
public owners/industrials relationship to ensure consensual and satisfactory solutions
for all the stakeholders. In this context, this paper reviews and analyzes sustainable
supply chain planning approaches proposed in the forestry planning literature and,
based on the model observed in the forestry sector in the province of Quebec,
Canada, proposes and analyzes a new, performance-based approach to overcome its
challenges and facilitate sustainability integration in the forestry planning processes.
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1. Introduction

Sustainability has gained popularity and importance to become an essential concern for

our society. This growing interest has pushed governments to elaborate new legislations and

orientations and, in turn, has led companies to consider sustainability goals in their strategies

and decision-making processes. However, this is not an easy task because, by definition,

sustainability requires a balance between its three pillars (Elkington and Rowlands, 1999), and

such balance depends on the perspective of each stakeholder (Boukherroub et al., 2018). Defining

sustainability goals, setting performance indicators, prioritizing different sustainability aspects

(Baumann, 2011; Boukherroub et al., 2015), and considering stakeholders’ concerns are among

the multiple challenges faced by decision-makers in the pursuit of sustainability. These issues are

even more complex when observed across an entire supply chain, where the players at each link

of the chain may not be perfectly aligned. This is the case, in natural resources supply chains,

where the row resource is usually publicly owned but exploited by private companies. While

public owners are concerned by the three sustainability pillars, industrials focus more on the use

of the resources mainly from an economic perspective. The key question is then how to rethink

public owners/private industrials relationship to ensure consensual solutions for all stakeholders

and integrate sustainability aspects across the supply chain.
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The forestry sector in the province of Quebec (Canada)

is a good example illustrating those challenges. Sustainability

issues are of high importance in this industry where 90% of

the forests are publicly owned. It directly employs more than

184,000 people, is a source of income for local workers in 2,400

communities, contributes with $25.2 billion to nominal GDP,

and supports more than 300 forest-reliant communities (NRCAN,

2022). Economic, environmental, and social benefits are expected

from Canadian forests (employment opportunities, local economic

development, outdoor activities, spiritual practices, wildlife habitat,

carbon sequestration, etc.) (Boukherroub et al., 2018). Therefore, a

rigorous and sustainable management of forest resources and forest

products supply chains must be put in place. However, the literature

analysis suggests that sustainability has not spread evenly across

the upstream and the downstream forest supply chain. Sustainable

Forest Management concept (SFM) appeared relatively early in the

literature and has been applied widely in practice (Siry et al., 2018)

while forest products supply chains (downstream part) received

less interest from researchers and practitioners (Morali and Searcy,

2013; Boukherroub et al., 2016; Lähtinen et al., 2016; Santos et al.,

2019).

The contributions of this paper are: (1) discuss major challenges

related to sustainability integration into forest products supply chain

management in the province of Quebec, particularly around the

public owner/industrial interactions, and (2) propose an emerging

approach to support sustainability integration in forestry and other

natural resources supply chains. The remainder of the article

is as follows: next section briefly presents relevant works in

the literature-related to sustainable forest products supply chain

management, and describes the challenges related to forestry

management in the province of Quebec. Based on lessons learned

from this context, Section 3 describes the proposed approach

while Section 4 discusses implementation issues and further

research avenues.

2. Current trends and issues in
sustainable forest products supply
chains

2.1. Sustainable forest products supply chain
management in the literature

Forest products supply chains gradually transform wood fiber

into consumer products such as pulp and paper, lumber, biofuels,

among others (D’Amours et al., 2008). Decisions in this value

chain range from land-use, regeneration, road building, harvesting,
transportation, to production at manufacturing plants (Rönnqvist

et al., 2015). D’Amours et al. (2008) distinguish two main research

topics. The first one, referred to as forestry, focuses on forest
management, harvesting and transportation while the second focuses

on supply chain planning for manufactured products and sale
markets. In forestry, the concept of sustainability can be traced

to von Carlowitz (18th century), who introduced the notion of
Nachhaltigkeit (sustainability) and advocated for a continued, stable

and sustained use of forests (Schmithüsen, 2013). The idea of
sustained use of renewable natural resources was incorporated and

developed in forest science and has since been applied in forest

management. Indeed, Sustainable Forest Management (SFM) is

defined as “[a] dynamic and evolving concept [that] aims to maintain

and enhance the economic, social and environmental values of all

types of forests, for the benefit of present and future generations”

(FAO, 2022). The Earth Rio Summit in 1992 contributed to SFM

evolvement by including a chapter on forests in its agenda for

sustainable development for the 21st century and by producing

guidelines/means for protecting the world’s forests. Criteria and

indicators for measuring, monitoring, and reporting on progress

toward SFM have been developed for different contexts at the global,

regional, national, and local levels (Siry et al., 2018). Current forest

management tools support the integration of different forest service

outputs (e.g., carbon sequestration and old forest conservation),

through the formulation of appropriate management objectives and

constraints in various decision-support models (e.g., Garcia-Gonzalo

et al., 2015; Marto et al., 2019; Eggers et al., 2020).

Sustainable forest products transportation and supply chain

management is a relatively new research topic. Regarding

performance assessment, studies published in the literature

usually focus on production efficiency and economic performance of

sawmills and paper mills at a regional, country or international level

(e.g. Yin, 1999; Nyrud and Bergseng, 2002; Nyrud and Baardsen,

2003; Salehirad and Sowlati, 2005; Diaz-Balteiro et al., 2006).

The study by Mikkila et al. (2005) in which the corporate social

performance of pulp and paper companies is assessed is one of the

rare exceptions. Santos et al. (2019) reviewed the literature on the

assessment and optimization of sustainable forest product supply

chains and found that, despite the growing number of contributions,

few of them consider all three sustainability pillars. This confirms the

conclusions of Boukherroub et al. (2016) who reviewed the literature

on the integration of sustainability in supply chain optimization

models (all sectors included). Morali and Searcy (2013) investigated

how sustainability is integrated by Canadian companies (all sectors

combined) in their supply chains by analyzing 100 corporate

sustainable development reports and performing interviews with 18

experts. They found that although the majority of companies have

a strategy or operational plans to address sustainability issues, their

focus is on environmental and economic pillars. There is also a lack

of indicators measuring companies’ success related to sustainability

initiatives and suppliers’ sustainability performance. Lähtinen et al.

(2016) analyzed corporate responsibility reports of 13 global forestry

companies to evaluate how they address environmental issues

related to biodiversity in reference to 30 environmental performance

indicators of the Global Reporting Initiative (GRI) guidelines.

These studies confirm that sustainability has not spread evenly

across the supply chain, with a rupture between the orientation of the

upstream (SFM) and the downstream parts of the chain (Products

supply chain). SFM is a concept that appeared relatively early in the
literature and has been applied in practice at the global, regional,

national, and local levels. In North America for instance, Siry et al.
(2018) mentions that all public forests and many private forests have
management plans developed in accordance with SFM principles

and many forests are certified. The forest products supply chain has

received less interest from researchers and practitioners. Most studies

focus on bioenergy supply chains and rarely include social aspects.

In practice, companies tend to focus on the supply chain’s upstream

activities (forest resources management) or manufacturing activities,

but they lack environmental and social indicators regarding their

sustainability initiatives. Two main conclusions could be made: (i)

there is a “discontinuity” in integrating sustainability aspects across
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supply chains, and (ii) sustainability integration in the forestry sector

is “unbalanced” in terms of importance paid to the three pillars.

2.2. Sustainable forest products supply chain
management in Quebec

In the province of Quebec, more than 90% of the forests are

publicly owned and managed by the Ministry of Natural Resources

and Forests, hereinafter referred to as MRNF. The MRNF introduced

a new forest regime in 2013 to promote SFM practices as well

as integrated and participatory planning. MRNF also extended

its responsibilities to ensure that forestry/harvest planning and

postharvest activities, which were under the responsibility of forest

companies, are made in compliance with SFM goals. Prior to

the new regime implementation, there was a sharp separation

of responsibilities (and decision-making) between the government

(MRNF) and industrial companies.

From a sustainability perspective, in the previous model public

decision-makers focused on the management of forest viability

and bearability (sustained use of forest resources), while private

companies were concerned by the economic aspects (Azouzi and

D’Amours, 2011) and, to some extent, perhaps in response to

the labor shortages observed in the field, by social concerns. The

new regime seeks to ensure that all forest users and stakeholders

(forest companies, First Nations, outfitters, local communities,

environmental organizations, etc.) participate in forest management

and express their concerns. To this end, integrated planning and four

participatory mechanisms—Local Panels, Operational Panels, First

Nations and public consultations—have been introduced (Desrosiers

et al., 2010; MRNF, 2013), giving forest companies and other

stakeholders the opportunity to express and discuss their needs

and concerns at different stages of the planning process. Figure 1

summarizes the main steps of the management process, outputs, and

actors involved.

Three decision levels can be distinguished: strategic, tactical and

operational. The forest management strategy is the basis for both the

strategic and tactical plans. The strategy guides the strategic plan,

which determines management activities and the volume of timber

to be harvested annually to ensure a non-declining yield (i.e., Annual

Allowable Cuts also called ACC) over a 150-year horizon divided

into 30 periods of 5 years each (BFEC, 2013). The strategic plan

is prepared by several governmental decision-makers (Bureau du

Forestier en Chef, referred to as BFEC,1 and the MRNF) for all 71

Forest management units (FMU2) in Quebec. The decisions for the

first period in the strategic plan are inputs for the elaboration of the

tactical plan.

The tactical plan is established by MRNF for each FMU. It

determines the allocation of forest resources for different uses

(e.g., conservation areas and timber production areas), future

developments of forest roads and other infrastructures as well

as the sustainability goals for the FMUs for a 5-year period

(MRNF, 2013, 2015). During its elaboration, the MRNF meets

the members of a Local Panel (formed of representatives of First

1 An independent entity from MRNF.

2 A forest area, which supplies mills having supply agreements in the FMU

territory.

Nations, municipalities, forest companies, controlled zone operators,

outfitting permit holders, etc.) to allow the stakeholders to express

their concerns and take part in forest management and planning.

The operational plan, covering a 1 to 3-year horizon, uses the

outputs of the tactical plan as constraints and decides the harvest

areas that will be cut, their allocation to industrials (Licensed owners),

wood volumes to harvest from each area, wood volumes to deliver

to each mill, and forest road planning (MRNF, 2013, 2015). During

the elaboration of an FMU operational plan, the MRNF confers with

an Operational Panel which includes representatives of industrials

to align their needs with the forest management strategy. Hearings

are further organized to present the plans to First Nations and the

general public.

Unfortunately, interviews conducted between 2012 and 2016 in

different regions of the province of Quebec (see Boukherroub et al.,

2018 for more details) revealed that the implementation of these

new forest management and planning processes has raised many

concerns among the stakeholders, mainly: (1) stakeholders’ goals

are inconsistent with each other, which leads to the difficulty of

finding compromises and consensus, (2) economic objectives such

as maximizing the wood volumes to allocate to industrials are not

consistent with the SFM ecological goals, (3) forest road network

planning, wildlife habitat, and landscapes are the most conflicting

issues, and (4) there is a lack of plan impact analyses that makes

difficult to foresee consequences of the proposed plans, particularly

to non-experts (general public and representatives of First Nations).

3. An emergent approach to better
integrate and align sustainability goals
in forest products supply chain
management

This section formalizes a proposal that seeks to overcome at

least two of the concerns on the current forest products supply

chain management model by improving two main aspects: better

satisfaction of stakeholders’ goals and better spread of sustainable

objectives across the entire supply chain. Figure 2 illustrates

the proposal.

Concerning supply chain integration, the proposal extends the

scope of the model to integrate forest management and the industrial

supply chain in a closed-loop, performance-based approach where

the allocation of forest resources to companies will be related not

only to their demands, but to their observed sustainable performance.

In this model, guidelines and a set of sustainable performance

evaluation criteria should be elaborated by public decision-makers

considering all the stakeholders’ perspectives (i.e., their expectations

regarding sustainability benefits that should be generated through

forest resources transformation). Industrials’ wood volume requests

should be evaluated with respect to the organizations’ past sustainable

performance and to the organizations’ commercial plan and strategy

(e.g., what the organizations intend to do with the allocated resource)

in such a way that organizations generating higher value (measured

with respect to the three sustainability aspects) will be rewarded with

higher volumes or volumes that better fit their requirements.

In contrast to the current approach, the closed-loop one enables

“pushing” sustainability objectives and responsibilities to industrials,

that have no choice but to improve their overall performance to
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FIGURE 1

Description of public-owned forest management in Quebec (Boukherroub et al., 2018).

compete for the resource. The wood allocation process described

in Boukherroub et al. (2017) supports this closed-loop approach.

It is based on a three-step method: (1) sustainability allocation

criteria specification, (2) multicriteria performance evaluation,

and (3) value maximization and wood allocation. They explored

several scenarios to support the wood allocation decisions. One

scenario considers solely the economic performance, reflecting the

current practice, while another one grants equal weights to the

economic, environmental, and social dimensions of performance.

The solutions generated in the two scenarios were very different

with respect to the ranking of the players (and therefore, the

volumes of the wood to allocate to them). The economic value

maximization scenario tends to concentrate volume on the most

cost-efficient companies independently of how they perform well

in other sustainability performances. Furthermore, this might

progressively weaken competition provoking more “sustainable

companies” to close in the long-term. On the other hand,

the sustainability-maximization-based model rewards companies

achieving higher sustainable scores (independently of their size) with

more wood in order to encourage a better use of the resource and

more sustainable practices.

As per the stakeholders’ satisfaction, in the new proposal public

decision-makers are still responsible for the elaboration of the forest

management plans since they own the technical skills required to

perform such specific and complex tasks. However, stakeholdersmust

be consulted, and their needs and priorities taken into consideration

during the elaboration of plans in a more efficient way. Although

participative decision-making approaches have been observed in

different contexts such as environmental management (Antunes

et al., 2006), waste management (Hornsby et al., 2017), urban

planning (Salter et al., 2009), and even natural resources management

(Langsdale et al., 2013), their development and implementation

in forest management raises, despite their evident advantages,

important challenges, some of which were also observed in the case

studied here. For instance, participatory processes must provide the

right information to all the stakeholders, and at the right time.

However, considering the variety and the complexity of data related

to forest planning is a major challenge.

The proposed closed-loop model seeks to enable all stakeholders,

not only to express their concerns, but to take part in forest

management decisions by introducing an innovative participative

planning and decision-making approach based on the use of

recent technology developments. More precisely, the proposed

approach aims to take advantage of data visualization and

(semi-)immersive technological environments such as the concept

of “Decision Theater” described in Boukherroub et al. (2018),
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FIGURE 2

The proposed model to improve stakeholders’ satisfaction and sustainable objectives integration of Forest management and Forest products supply chain.

which could support more efficiently both decision-makers and

stakeholders infinding compromises and reaching consensus. In

this regard, Têtu (2014) mentions that due to recent technologies,

tools supporting forest management planning that enable data

visualization and plan impacts analyses from different perspectives

are becoming widespread.

4. Discussion

Although forest companies have not yet well-integrated the

concept of sustainability performance in their operations and

strategy, governmental requirements toward forest companies that

procure timber from public forests can have a major impact

on industrial behavior and practices regarding more sustainability

integration in their supply chains. The implementation of the

proposed closed-loop performance-and-technology-based approach

might help public decision-makers to push sustainability objectives

downstream in the forest supply chain. However, the proposed

approach raises several challenges.

First, governmental decision-makers must develop and

implement scoreboard systems and performance indicators

that effectively reflect governmental sustainability policy and

vision. The literature devoted to supply chain performance

assessment under a sustainable perspective is still consolidating.

However, recent works (see for instance Santos et al., 2021)

provide integrated systems of sustainability performance analysis

of the supply chain. Inspired by the literature on multi-criteria

performance measurement, Boukherroub et al. (2015) designed

a method that links sustainability performance criteria to the

decisions of the supply chain, which allowed them to set coherent

performance indicators. By linking this method to a multi-objective

optimization model, the economic, environmental, and social

performances were all coherently integrated in this decision

support tool.

Secondly, the application of a sustainability performance-

based allocation process would require communicating the

selected performance criteria as well as the adopted methodology

to forest companies. These criteria should be known well in

advance before applying such a process on a regular basis (most

of the companies did not develop sustainability indicators).

The implementation of a performance-based allocation process

will certainly impact the whole network of industry sourcing

wood from public forests. To mitigate potential undesirable

impacts, the performance-based allocation process should be

implemented progressively in such a way that the companies’

efforts toward more sustainable objectives and practices might

be appreciated over time rather than evaluated at static instants.

Indeed, how to consider the evolvement of companies’ sustainability

performance over time, and how to determine dynamically
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allocations over several time-periods are open questions that require

additional research and the development of quantitative models and

thorough simulations.

Finally, additional multidisciplinary research is needed to develop

integrated approaches combiningmethods, models, and tools coming

from complementary disciplines (e.g., performance evaluation,

decision-making sciences, Operations Research, computer science,

and data visualization and analytics) that might support and enhance

participative decision-making processes.
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