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Preface

Welcome to the Volume 01 Issue 01, September 01, 2025, of the Canadian Journal of Forestry
Research (CJFR). This inaugural issue arrives at a critical juncture, reflecting the complex
ecological challenges and innovative scientific solutions currently shaping Canadian forestry,
particularly in a landscape marked by climate change, evolving resource demands, and critical
sustainability goals.

The papers presented herein showcase the breadth and depth of research necessary for a resilient
and sustainable forest management framework in Canada. We highlight timely work in forest
ecology and silviculture, including new analyses for predicting shifts in tree species migration
under altered climates, and studies exploring the efficacy of innovative remote sensing and
inventory techniques in reducing field data burden.

Furthermore, as Canada continues to manage its vital forest resources amidst increasing pressure
from environmental and economic factors, the CJFR remains committed to publishing rigorous,
peer-reviewed scholarship that informs Canadian forest policy, guides sustainable practice, and
advances our fundamental understanding of forest science and conservation.

We thank our dedicated authors, reviewers, and the entire editorial board for their commitment to
scientific excellence in forestry.

Munir Ahmed Dar

Publisher & Chief Editor

Canadian Journal of Forestry Research (CJFR)
418 Coxwell Ave. Toronto

Ontario, Canada M4L 3B7

Email: munirdar@cjfr.ca

Cell: +1-437-237-1014
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CJFR’S AIM & OBJECTIVES

Aim: The Canadian Journal of Forestry Research (CJFR) is an academic research publication
operating under the auspices of the Mian Karam Ellahi Trust (MKET) Canada, a federally
incorporated Not-for-Profit and Non-Governmental Organization (NPO/NGO) under Registration
No. 1504027-2. The journal serves as a national, peer-reviewed forum designed to facilitate
scholarly contributions from students and early-career researchers, thereby enriching forest science
and policy discourse. Its mandate is to advance the democratization of natural resource research
and foster a more inclusive and representative dialogue within Canada and internationally.

Objectives of the CJFR

The primary objective of the CJFR is to empower young individuals to actively engage with and
influence Canadian forest management and resource policy through scientific advocacy, research
dissemination, and community engagement. The journal's platform is specifically tailored for
students, early-career scientists, and emerging resource professionals.

Specific Objectives
The specific objectives of the CJFR are to:

1. Provide a national venue for emerging natural resource scholars to contribute to
contemporary forestry research and debates.

2. Aid in the professional development of aspiring scientists by helping them refine their

scholarly voice in ecology.

Further the mission of democratizing forest science scholarship in Canada.

4. Promote a more inclusive and representative ecological and resource discourse within
Canada.

5. Publish research articles across a broad spectrum of forestry topics, including but not
limited to, sustainable forest management, wildlife-habitat relationships, biometrics and
inventory, and climate change impacts on forest health.

[98)

Scope: The scope of the CJFR is to serve as a national, peer-reviewed academic forum for students
and early-career researchers to publish scholarly work, thereby democratizing resource research
and promoting a more inclusive and representative ecological discourse in Canada and
internationally.

Focus Areas: The journal's scope of content includes research articles across a broad spectrum of
forestry topics, such as: Sustainable Forest Management, Forest Ecology and Silviculture, Remote
Sensing/GIS, Climate Change Impacts, Wildlife-Habitat, and Resource Economics.
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Primary Audience: The CJFR is specifically tailored to empower young individuals, including
students and emerging resource professionals, to influence Canadian forest science and public
policy.

CJFR’S PRIVACY POLICY FOR RESEARCHERS AND CONTRIBUTORS

The Canadian Journal of Forestry Research (CJFR) is committed to protecting the privacy and
confidentiality of all researchers, authors, and contributors. This policy outlines how we collect,
use, and protect your personal information in accordance with applicable Canadian privacy

legislation, including the Personal Information Protection and Electronic Documents Act
(PIPEDA), 2000.

1. Collection of Information We collect personal information from you only when you
voluntarily provide it during the submission process. This may include:
o Contact Information: Name, email address, institutional affiliation, and contact
number.
o Academic Information: Your year of study or professional status, as relevant to
the CJFR's mandate.
o Submission Metadata: The title of your paper, abstract, and keywords.
2. Use of Information The information we collect is used solely for the purpose of managing
and publishing the CJFR. Specifically, we use your data to:
o Process Submissions: To facilitate the submission, peer-review, and editorial
process for your paper or article.
o Communicate with You: To send you updates on the status of your submission,
requests for revision, and notifications regarding acceptance or rejection.
o Publication: To attribute your work correctly if it is selected for publication,
including your name and institutional affiliation.
o Maintain Records: To keep an accurate record of submissions for our internal
database and for future correspondence.
3. Confidentiality and Data Security
o Double-Blind Review: The CJFR employs a double-blind peer-review process.
Your identity is kept confidential from reviewers, and their identities are kept
confidential from you. All identifying information is removed from your
manuscript before it is sent for review.
o Limited Access: Access to your personal information is restricted to the CJFR's
editorial team and staff who are directly involved in the management of the journal.
All staff are trained on the importance of confidentiality and are bound by
confidentiality agreements.
o Secure Storage: All personal information is stored securely on protected servers.
We implement robust physical, technical, and administrative safeguards to prevent
unauthorized access, disclosure, or misuse of your data.
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4. Disclosure to Third Parties: The CJFR will not sell, rent, or lease your personal
information to third parties. Your information will only be disclosed in the following
limited circumstances:

o With Your Consent: We may share your information with your explicit consent.
o As Required by Law: We may be required to disclose your information by law,
court order, or governmental regulation.

5. Your Rights You have the right to access, correct, or request the deletion of your personal
information held by the CJFR. To do so, please contact the CJFR's editorial team. We will
take all reasonable steps to verify your identity before processing such requests.

6. Policy Updates This Privacy Policy may be updated periodically to reflect changes in our
practices or legal requirements. We encourage you to review this policy whenever you
submit a paper. Your continued use of the submission portal constitutes your acceptance
of these changes.
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Ethical Policy for the Canadian Journal of Forestry Research (CJFR)

The Canadian Journal of Forestry Research (CJFR) is committed to upholding the highest
standards of integrity, transparency, and ethical conduct in scientific and ecological publishing.
This policy outlines the core ethical obligations for all researchers and contributors submitting
material to the CJFR.

1. Ethical Requirements for Researchers and Contributors
A. Originality, Plagiarism, and Redundancy

o Originality: Submitted manuscripts must be the original scientific work of the
author(s) and must not have been previously published, in whole or in part, in any
other peer-reviewed journal, book, or public forum (with the exception of academic
theses/dissertations where noted).

o Exclusive Submission: Manuscripts must not be simultaneously submitted to any
other publication for review.

o Plagiarism: The CJFR maintains a zero-tolerance policy toward plagiarism,
fabrication, and falsification of data.

= Plagiarism includes using the work (words, ideas, data, charts, or images)
of others without proper and full attribution.

= Authors must ensure their work passes a strict similarity check (e.g., using
anti-plagiarism software). The similarity index threshold and single-source
similarity limit will be strictly enforced by the Editorial Board.

o Self-Plagiarism/Redundant Publication: Authors must clearly and fully cite any
of their own previously published work when it is used or discussed. Unattributed
reuse of an author's own published text is considered self-plagiarism.

B. Authorship and Acknowledgements

o Authorship Criteria: Authorship should be limited to those who have made a
significant intellectual contribution to the conception, design, execution, data
collection/analysis, or interpretation of the reported research.

o Author Responsibility: All listed authors must have reviewed and approved the
final submitted version and agree to be accountable for all aspects of the work.

o Changes to Authorship: Any addition, deletion, or rearrangement of authors after
initial submission must be approved by all authors and the Editorial Board, with a
justified explanation.

o Acknowledgements: All contributors who do not meet the criteria for authorship
(e.g., funding sources, field assistants, laboratory staff, statistical consultants) must
be acknowledged in an appropriate section.
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C. Contflicts of Interest and Funding

o Mandatory Disclosure: All authors must disclose any financial, personal, or
professional relationships that could be construed as influencing the design of the
study, the collection of data, interpretation of findings, or the integrity of the
manuscript.

o Funding Statement: Authors must clearly identify all sources of funding for the
research in the manuscript.

D. Ethical Research with Fieldwork and Organisms

o Ethical Approval: For research involving animal, wildlife, or plant populations,
or the use of human participants (e.g., surveys), authors must confirm that the
research was conducted in accordance with relevant national and international
ethical and permitting standards (e.g., Institutional Animal Care and Use
Committee (IACUC) approval, provincial/territorial collection permits, or TCPS
2).

o Informed Consent: Authors must certify that informed consent was obtained from
all human participants and that their privacy and anonymity were protected where
required. The Editorial Board may request documentation of relevant permits or
ethics board approval.

o Data Integrity: Authors must ensure that all presented data are authentic and
verifiable upon request.

E. Use of Artificial Intelligence (AI) Tools

o No Al Authorship: Artificial Intelligence (Al) and Large Language Models
(LLMs) cannot be listed as an author as they cannot take responsibility for the work.

o Disclosure: Authors who use Al tools for writing, data analysis, code generation,
or image generation must disclose the specific tool and how it was used in the
manuscript's methodology or acknowledgements section.

2. Powers of the Editorial Board, Publisher, and Chief Editor: The Chief Editor and the
Editorial Board hold the final and absolute authority for the acceptance or rejection of any
material submitted to the CJFR. Their decisions are governed by the principles of scientific
merit, scholarly standards, editorial policy, and ethical compliance, and are independent of
commercial or political influence.

A. Acceptance and Rejection Powers

o Desk Rejection: The Chief Editor or a designated Associate Editor has the power
to reject a manuscript immediately ("desk reject") if it is clearly outside the journal's
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scope, lacks sufficient scientific rigour, or fails a preliminary check for ethical
misconduct (e.g., high plagiarism score) before formal peer review.

o Editorial Decision after Peer Review: Following the mandatory double-blind
peer review by at least two qualified reviewers, the Chief Editor will make a final
decision based on the reviewers' recommendations, the author's revisions, and the
paper's overall scholarly quality. Decisions include:

= Accept: The manuscript is suitable for publication.

*  Minor/Major Revisions: The manuscript requires further work before final
consideration.

= Reject: The manuscript is not suitable for publication in the CJFR.

o Veto Power: The Chief Editor reserves the right to overrule a positive reviewer
recommendation if a severe ethical breach or a critical scientific/methodological
flaw is identified. Conversely, the Chief Editor may accept a manuscript with mixed
reviews if the concerns are manageable and the paper's contribution is deemed
exceptional.

o Investigations of Misconduct: The Editorial Board has the power to initiate an
investigation into any allegation of research or publication misconduct (including
plagiarism, data fabrication/falsification, or authorship disputes) at any stage of the
process, or even post-publication.

B. Actions and Sanctions for Misconduct Upon a finding of serious ethical misconduct,
the Editorial Board and Chief Editor have the authority to take the following actions:

Immediate Rejection of the submitted manuscript.
Retraction or Withdrawal of a published article, with a public statement
indicating the reason.

o Notifying the Author’s Institution and/or relevant professional bodies (e.g.,
funder, employer, or regulatory authority) about the misconduct.

o Imposing a ban on the author(s) from submitting future manuscripts to the CJFR
for a specified period.

C. Appeals Authors have the right to appeal a rejection decision by submitting a formal
letter to the Chief Editor, outlining a detailed, evidence-based rebuttal to the reviewers'
comments or the editorial decision. The Chief Editor's decision on the appeal is final.

Munir Ahmed Dar

Publisher & Chief Editor

Canadian Journal of Forestry Research (CJFR)
418 Coxwell Ave. Toronto

Ontario, Canada M4L 3B7
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Abstract: The escalating threats of deforestation, climate change, and illegal activities necessitate
technological innovation in Pakistan's forestry sector. This paper examines the nascent integration
of Artificial Intelligence (AI) tools and Machine Learning (ML) techniques within governmental
conservation initiatives and academic curricula across the country, driven by the National Al
Policy 2025 (Ministry of Information Technology and Telecommunication (MoITT), 2025).
Utilizing a qualitative review of policy documents, pilot projects (e.g., the Smart Forest initiative),
and educational frameworks, we analyze the current capacity, systemic barriers (including data
fragmentation and high infrastructure costs), and future prospects of Al adoption. Findings indicate
that government-led adoption, primarily for real-time monitoring and disaster detection, is
underway. However, this progress is hampered by significant deficiencies in geospatial data
infrastructure, a crucial human capital gap in specialized Al-forestry skills, and a lack of
sustainable domestic financing. The paper concludes by proposing a multi-pronged roadmap
focusing on data standardization, interdisciplinary education, and innovative finance models to
ensure Al becomes a scalable, foundational tool for Pakistan's ecological security and sustainable
forest management (SFM).

1. INTRODUCTION
1.1 Background and Context

Forests represent vital natural capital for Pakistan, providing essential ecosystem services such as
carbon sequestration, biodiversity conservation, and flood mitigation (Khan et al., 2023). These
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resources are critically threatened by a rapidly growing population, climate-induced disasters, and
illicit activities (Hussain & Ali, 2024). Traditional methods of forest management are often
resource-intensive and lack the required spatial and temporal resolution for effective, proactive
conservation.

Globally, the shift toward digital governance has positioned Al as a transformative tool for tackling
complex environmental challenges (Ghani et al., 2022). Al offers enhanced capabilities through
high-resolution monitoring, predictive modeling of fire risk and pest outbreaks, and real-time alerts
for law enforcement against illegal logging. Pakistan formally recognized this potential with the
approval of its National AI Policy 2025 (MolITT, 2025), aiming for sectoral transformation,
including implicit coverage of resource management and environmental protection.

1.2 General Objective

The general objective of this research is to comprehensively assess the status, scope, and strategic
impact of Artificial Intelligence integration within the forestry sector of Pakistan, specifically
examining its application in government initiatives and its incorporation into the national
educational framework.

1.3 Specific Objectives
The specific objectives of the study are to:

1. 1identify and analyze the specific Al and Machine Learning applications currently employed
by Pakistani government agencies for forest monitoring, protection, and policy planning.

2. evaluate the preparedness and capacity of Pakistan’s educational sector to produce the
specialized human capital required for scaling Al technologies in environmental and
forestry resource management.

3. detail and critically examine the key systemic barriers, including challenges related to data
quality, technical infrastructure, and sustainable financing, that impede the full-scale
deployment of Al in Pakistani forestry.

1.4 Aim and Scope

The aim of this paper is to provide a grounded analysis and a policy-relevant roadmap for
accelerating the sustainable adoption of Al in Pakistan’s forestry sector. The scope is delimited to
the period 2021-2025, focusing on key national policy documents (e.g., National Al Policy 2025),
significant government-led pilot projects, and published literature concerning the technical and
educational capacity for Al implementation within the country.
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2. REVIEW OF LITERATURE
2.1 Al for Forest Monitoring and Protection

Al, leveraging remote sensing (RS) and deep learning (DL), has become globally dominant in
forest surveillance (Javed & Qureshi, 2024). Machine Learning (ML) models are trained on
satellite and drone imagery to classify land cover, detect subtle changes in canopy density
indicative of deforestation, and forecast fire hazards with greater speed and accuracy than human-
based systems (Ghani et al., 2022). Furthermore, acoustic sensors paired with ML algorithms are
now standard for detecting the distinct sounds of chainsaws or vehicles, enabling real-time alerting
against illegal activities like poaching and logging (Amin, 2023).

2.2 Policy and Capacity Development in Developing Nations

For developing economies like Pakistan, the primary challenge is often not the availability of the
technology itself, but the lack of an enabling environment: data infrastructure, institutional
capacity, and a skilled workforce (Oxford Insights, 2024). The launch of national Al policies, such
as Pakistan’s National Al Policy 2025 (MoITT, 2025), signals high-level government commitment
but requires robust downstream implementation to bridge the gap between abstract goals and field
operations. Education plays a crucial role, as the effective deployment of Al requires professionals
who blend domain expertise (forestry science) with technical skills (data science and ML) (Khan
et al., 2023).

3. METHODOLOGY

This research employed a qualitative, descriptive methodology based on a comprehensive review
of publicly available institutional and academic documents published between 2021 and 2025.

3.1 Data Sources
The core data comprised:

Government Policy Documents: Including the National Al Policy 2025 (MolITT, 2025) and
reports from federal and provincial environmental ministries.

Pilot Project Case Studies: Official reports and press releases detailing major initiatives, notably
the "Smart Forest" project by RUDA (Ravi Urban Development Authority, 2021) and international
collaborations on fire detection (British High Commission, 2025).

Academic and Grey Literature: Peer-reviewed articles and technical reports focused on

geospatial analysis, ML applications in conservation, and digital capacity building within the
Pakistani context (Nawaz & Shah, 2024; Shahid & White, 2024).
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3.2 Data Analysis

The collected textual data was subjected to qualitative content analysis. Key themes were
systematically identified and categorized across three axes: (1) Specific Al Applications (e.g.,
acoustic detection, predictive analytics), (2) Capacity Building (e.g., policy goals, curricular
mentions), and (3) Systemic Constraints (e.g., data quality, financing). This analysis provided the
basis for the discussion of governmental progress, educational deficiencies, and critical future
directions.

4. RESULTS AND DISCUSSION
4.1 Al Use in the Government Forestry Sector: Early Successes

Government adoption of Al in Pakistan is characterized by targeted deployment against the most
immediate threats to forest resources, primarily through surveillance and early warning systems.

4.1.1 Smart Forest and Real-Time Surveillance

The launch of the Rakh Jhok Forest ("Smart Forest") near Lahore serves as the most prominent
example (RUDA, 2021). This project uses networks of sensors for both resource monitoring (soil,
water, tree growth) and security. Most notably, it incorporates acoustic detection ML algorithms
trained to differentiate environmental noise from the distinct sound of chainsaws or heavy
machinery providing immediate alerts to authorities (Amin, 2023). This capability represents a
significant technological leap in combating illegal logging compared to traditional, resource-
intensive patrolling.

4.1.2 Disaster Mitigation and Predictive Policy

Al is proving vital for mitigating climate-related risks, particularly forest fires. Initiatives
supported by international partners are developing Al systems that use ML to analyze high-
resolution satellite imagery for subtle changes in thermal signatures and smoke plumes, providing
early detection and tracking, particularly in vulnerable regions like the Margalla Hills (British High
Commission, 2025; Javed & Qureshi, 2024). Furthermore, the government is exploring the use of
AI/ML for predictive analytics to forecast forest dynamics, such as carbon sequestration potential
and species distribution changes under climate change scenarios (Nawaz & Shah, 2024).

4.2 Educational and Human Capital Capacity

While government policy sets an ambitious vision, the educational infrastructure for domain-
specific Al skills lags.
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4.2.1 National Policy and the General Push

The National Al Policy 2025 prioritizes large-scale human capital development, aiming to train
one million Al professionals by 2030 (MoITT, 2025). This general push, supported by initiatives
like the Pakistan Engineering Council’s (PEC) CPD frameworks, will indirectly benefit forestry
by increasing the supply of data scientists.

4.2.2 The Interdisciplinary Gap

The most critical challenge is the curricular gap within established forestry, botany, and
environmental science departments. These programs often lack dedicated, mandatory modules in
geospatial data analysis, ML for resource management, or Al ethics (Khan et al., 2023). Effective
Al deployment demands graduates who are both competent foresters and proficient data scientists,
a hybrid skill set that current university structures are not effectively producing.

4.3 Systemic Barriers to Scalability

The path from pilot project success to national scale is blocked by three systemic barriers: Data,
Infrastructure, and Finance.

Policy Implication

Data Fragmentation: Essential administrative and environmental data (e.g., land records,
historical logging data, ground truth observations) remain siloed, non-standardized, and
inaccessible across agencies. This prevents the robust training and validation of national-scale Al
models (Ali et al., 2024).Requires immediate implementation of National Spatial Data
Infrastructure (NSDI) and mandatory data-sharing protocols.

Infrastructure Costs:Deploying and maintaining extensive IoT sensor networks and high-
performance cloud computing required for real-time Al is a high-cost endeavor, and the national
digital infrastructure quality remains a concern (Oxford Insights, 2024).Necessitates innovative
finance models (e.g., blended finance) and investment in low-cost, decentralized edge-computing
solutions.

Sustainable Finance: Pilot projects are often reliant on external donor funding (e.g., GSMA,
2024). A lack of dedicated, sustainable domestic public or private climate financing mechanisms
jeopardizes the long-term operational viability of these systems (GIZ, 2024). It  requires  the
creation of targeted climate-smart finance products specifically for technological investments in
ecological security (UN in Pakistan, 2025).
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5. CONCLUSION

Pakistan is successfully navigating the adoption of Al in its forestry sector, primarily through
centralized government initiatives focused on immediate threats like fire and illegal logging.
However, it faces severe systemic impediments to achieving sustainable and scalable integration.
The foundational issues of data fragmentation, the lack of specialized human capital, and
inadequate domestic long-term financing must be resolved to fulfill the ambitious goals set by the
National Al Policy 2025. To move Al from a collection of isolated pilot projects to a core driver
of Sustainable Forest Management (SFM), the following actions are recommended: Mandate Data
Standardization: Establish a centralized, government-wide data governance framework with
legally enforceable protocols for inter-agency sharing of geospatial and administrative data to
create the foundational fuel for national Al models. Integrate Interdisciplinary Curricula: Revise
university forestry and environmental science curricula to include mandatory, hands-on training
in remote sensing, GIS, and machine learning model deployment, specifically for forest health and
resource management. Mobilize Climate-Smart Finance: Develop dedicated financial instruments,
potentially leveraging blended finance (public, private, and carbon credit revenue), to guarantee
the long-term operational expenditure and scaling of Al infrastructure beyond initial donor funding
cycles.
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Abstract

Natural disturbances, primarily wildfire and insect outbreaks, are foundational to the ecological
dynamics and renewal of Canada's vast forest ecosystems, particularly the boreal biome. However,
anthropogenic climate change is fundamentally altering the frequency, intensity, and spatial extent
of these disturbances, transforming them from mechanisms of renewal into major threats to
ecosystem integrity, carbon storage, and timber supply. This paper reviews the current scientific
understanding of the environmental and natural disturbances impacting Canadian forests, focusing
on the amplifying role of rising temperatures and altered precipitation patterns. Key findings
indicate a significant increase in the annual area burned by wildfire, northward and upward
expansion of destructive insect populations (e.g., Mountain Pine Beetle, Spruce Budworm), and a
heightened risk of forests transitioning from a net carbon sink to a net carbon source.
Understanding these shifting disturbance regimes is critical for developing resilient forest
management and national climate mitigation strategies.

1. INTRODUCTION

Canadian forests cover nearly half of the country's landmass, playing a globally significant role in
the carbon cycle and providing vital ecosystem services. Historically, disturbances such as fire and
native insect outbreaks have maintained forest health, driven successional dynamics and
promoting species diversity (Natural Resources Canada, 2024).

The present era is characterized by an escalating influence of climate change, which acts as a

powerful global force that directly modifies the disturbance regime (Dale et al., 2000). The most
profound impact is observed in high-latitude countries like Canada, where projected temperature
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increases are significantly higher than the global average (Natural Resources Canada, 2024). This
warming trend is the primary driver behind the transition of natural disturbances from cyclical
ecological processes to agents of potentially irreversible environmental change. The consequences
extend beyond ecological damage to affect socio-economics, Indigenous communities, and
national climate commitments.

2. AIM AND OBJECTIVES
2.1. Aim

The principal aim of this review is to synthesize current scientific literature regarding the impacts
of climate change on natural disturbance regimes in Canadian forest ecosystems.

2.2. General Objective

The general objective is to critically assess how the amplification of wildfire and insect outbreaks
threatens the long-term ecological stability and carbon sequestration capacity of Canadian forests.

2.3. Specific Objectives
The specific objectives of this research paper are to:

1. review the evidence linking rising temperatures and altered precipitation to the increasing
frequency and severity of wildland fires across Canada.

2. analyze the mechanisms by which warmer winters and changing climate suitability
facilitate the expansion of major insect outbreaks (e.g., MPB, Spruce Budworm).

3. synthesize scientific findings regarding the cumulative and interacting effects of multiple
disturbances on forest health and habitat fragmentation.

4. discuss the implications of shifting disturbance regimes for forest carbon balance and the
development of adaptive forest management strategies.

3. REVIEW OF LITERATURE

The literature overwhelmingly supports the hypothesis that climate change is increasing the
frequency and intensity of natural disturbances in Canada.

3.1. Climate-Wildfire Nexus
Studies by Flannigan et al. (2009) established a clear relationship between increasing fire weather
severity (higher temperatures, longer dry periods) and an expansion of the annual area burned in

the boreal biome. Further analysis by ResearchGate (2025) highlights the dramatic inter-annual
variability of fire emissions, confirming that high-severity fire events are a major source of
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uncertainty in Canada’s GHG balance. Research has also documented the ecological shift toward
faster succession rates or, in some cases, persistent non-forest states following unusually severe
crown fires (PubMed Central, 2017).

3.2. Climate and Insect Ecology

Research focusing on the Mountain Pine Beetle (MPB) illustrates a classic climate-driven range
expansion. Studies cited by Climate Atlas (2025) confirmed that reduced winter mortality due to
warming and the increased possibility of two generations per year have allowed MPB to spread
into previously inaccessible regions, severely impacting economically and ecologically vital pine
stands. Similar research concerning the Spruce Budworm (CCFM, 2024) points to climatic stress
on host trees (drought) as a key pre-conditioning factor that enhances tree vulnerability, leading to
more prolonged and extensive defoliation outbreaks.

3.3. Cumulative Impacts and Carbon Flux

The literature emphasizes that disturbances rarely act in isolation. Natural Resources Canada
(2024) highlights that drought stress predisposes trees to insect attack, while insect-killed stands
provide a massive pulse of coarse woody debris, significantly altering wildfire fuel loads (PubMed
Central, 2023). Most critically, carbon accounting models (ResearchGate, 2025) consistently
project a scenario where the increasing carbon emissions from natural disturbances could cause
the managed forest to transition from its historical role as a net carbon sink to a net carbon source.

4. MATERIALS AND METHODS
This paper employs a systematic literature review methodology. The primary materials were peer-
reviewed scientific articles, government reports from key federal agencies (Natural Resources
Canada, Canadian Council of Forest Ministers), and established climate assessment reports.

4.1. Data Collection

Given the nature of this work as a literature review, data collection primarily involved the
systematic retrieval and cataloging of secondary data from authoritative sources.

Data Source Type Variables/Metrics Extracted
Category
Federal/Provincial GO\{emme.nt Annual Area Burned (hectares), Fire
. Databases (e.g., Canadian Wildland .
Wildfire . - Weather Index (FWI) values, Fire
. Fire Information System), Peer- . . . :
Disturbance . . . Severity/Intensity, emissions estimate
Reviewed Fire Ecology Studies,
s from fire events.
Climate Models.
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Data Source Type Variables/Metrics Extracted
Category
Canadian Forest Service (CFS) Aerial ||Total area affected by key pests (MPB,
Insect Survey Records, Forest Insect and Spruce Budworm), Pest population
Disturbance |Disease Survey (FIDS) reports, density, Winter mortality rates,
Entomological Studies. Projected climate suitability maps.
Environment and Climate Change Historical and Projected changes in
. Canada (ECCC) data, Mean Annual Temperature (MAT),
Climate . . .
Change Intergovernmental Panel on Climate |Winter Minimum Temperature,
Change (IPCC) reports, Regional Precipitation regimes, Drought severity
Climate Model (RCM) outputs. indices.
Carbon budget models (e.g., CBM- Ne?: Ecosystem Product1y1ty (NEP)
: estimates, Carbon flux (sink/source
Carbon CFS3), National Forest Inventory
. status) of managed and unmanaged
Cycle (NFI) data, Remote sensing data on s
. . forests, Changes in carbon stock
live/dead biomass. ; S
following major disturbances.

Search Strategy: Databases (e.g., Web of Science, Scopus, Google Scholar) were queried using

terms such as "Canadian forest," "climate change," "wildfire," "insect outbreaks," "carbon cycle,"
and "disturbance regime."

Selection Criteria: Emphasis was placed on studies published within the last two decades
focusing specifically on large-scale environmental disturbances in Canadian terrestrial
ecosystems.

Synthesis and Analysis: Data extraction focused on: a) documented trends in disturbance metrics;
b) quantitative linkages between climate variables and disturbance intensity; and c¢) modeling
outcomes concerning carbon stock changes and ecosystem resilience.

5. RESULTS AND DISCUSSION
5.1. Wildfire Dominance and GHG Emissions

The data consistently show an exponential relationship between average seasonal temperature and
the total area burned. The shift toward more extreme fire weather has resulted in fire seasons that
release GHG emissions equivalent to or exceeding the annual emissions from other major
Canadian sectors (ResearchGate, 2025). This amplification directly impacts climate mitigation
goals, necessitating a fundamental re-evaluation of the forest's role in Canada's carbon budget.
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5.2. Insect Range Shifts and Mortality

The MPB epidemic served as a "natural experiment" demonstrating the power of climate to
override geographical barriers. The range expansion into the eastern boreal forest poses a massive
threat to the timber supply and ecological structure of those regions, emphasizing a loss of
ecosystem resilience in the face of novel disturbances. The combined stress from drought and
insects also accelerates stand mortality, initiating a faster carbon transfer from living biomass to
atmospheric (ResearchGate, 2013).

5.3. Implications for Adaptive Forest Management

The observed changes necessitate a pivot toward Adaptive Forestry (Natural Resources Canada,
2025). Traditional management, based on historical disturbance cycles, is no longer sufficient. Key
management shifts must include:

o Fuel Management: Proactive measures to reduce forest fuel loads, particularly in the
wildland-urban interface (WUI) and in insect-killed stands.

e Species Selection: Reforestation efforts must prioritize species and provenances resilient
to projected future climate conditions.

o Habitat Conservation: Management decisions regarding industrial activity (logging,
infrastructure) must minimize fragmentation to protect crucial habitats, like that of the
Woodland Caribou, which is already stressed by altered predator access due to disturbance
(Natural Resources Canada, 2025).

6. CONCLUSION

The environmental and natural disturbance regimes in Canadian forests are undergoing an
unprecedented transformation driven by climate change. The amplified severity of wildfires and
the widespread expansion of insect outbreaks pose critical threats to the forest’s ecological
integrity, its role as a carbon sink, and the stability of the forestry sector. Addressing these
challenges requires sustained investment in monitoring, research, and adaptive forest management
that incorporates climate projections and disturbance risk into all planning and operational
decisions.
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Abstract

The challenge of Reconciliation and Indigenous Participation represents a critical governance issue
in Canadian forestry, central to realizing national commitments to Indigenous rights and global
mandates like the UN Sustainable Development Goals (SDGs). Historically, conventional forest
management practices have marginalized Indigenous Peoples, ignored their traditional knowledge
and restricted access to ancestral lands, thereby hindering progress toward SDG 10 (Reduced
Inequalities) and SDG 8 (Decent Work and Economic Growth). This paper reviews the
foundational problems and emerging frameworks for meaningful Indigenous engagement,
focusing on the transition from consultation to genuine co-management and resource benefit
sharing. Findings suggest that successful partnerships, grounded in the principles of Free, Prior,
and Informed Consent (FPIC), are essential not only for achieving social equity but also for
improving the ecological sustainability and resilience of Canadian forests.

1. INTRODUCTION

Canadian forest management, which governs vast tracts of public land, has long been characterized
by a colonial legacy that prioritized industrial extraction over the long-standing ecological
stewardship of Indigenous Nations. This history has created a systemic problem in forest
governance: the failure to ensure meaningful engagement and partnership with Indigenous Peoples
(Tindall & Trosper, 2020). The contemporary imperative is driven by legal and ethical obligations,
including the Truth and Reconciliation Commission Calls to Action and the adoption of the United
Nations Declaration on the Rights of Indigenous Peoples (UNDRIP), which mandates the principle

of FPIC.
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2. AIM AND OBJECTIVES
2.1. Aim

The primary aim of this review is to analyze the complexities and requirements for transitioning
from current consultation models to effective Indigenous co-management and benefit-sharing in
Canadian forest governance.

2.2. General Objective

The general objective is to critically assess how the exclusion of Indigenous Peoples from forest
management constitutes a barrier to achieving both national Reconciliation goals and the socio-
economic and equity targets of SDG 8 and SDG 10.

2.3. Specific Objectives
The specific objectives of this study are to:

1. define the core legal and ethical challenges in current Indigenous consultation processes
versus the requirements of FPIC.

2. analyze the mechanisms for successful economic benefit sharing (SDG 8.3) and their
impact on reducing socio-economic disparities (SDG 10).

3. review case studies demonstrating the added value of integrating Indigenous Knowledge
(IK) into scientific forest planning and ecological resilience strategies.

4. 1identify the key policy and legislative reforms required to enable authentic co-management
models in Canadian forest regions.

3. REVIEW OF LITERATURE
3.1. Consultation Gaps and the FPIC Mandate

The legal obligation to consult and accommodate Indigenous interests often falls short of the
international standard of FPIC, as enshrined in UNDRIP (Coulthard, 2014). Consultation is
frequently criticized for being a procedural minimum rather than a process of power-sharing,
resulting in land-use decisions that proceed despite Indigenous opposition. Research highlights
that authentic partnership requires the proactive consent and shared decision-making inherent in
FPIC, especially for projects impacting unceded or treaty lands (Tindall & Trosper, 2020).

3.2. Economic Exclusion and SDG Linkages

Historical forest policies severely limited Indigenous access to the economic benefits derived from
their traditional territories. Studies focused on SDG 8 and SDG 10 demonstrate that formal
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agreements for resource revenue sharing (e.g., in British Columbia and Ontario) are critical for
promoting Indigenous economic development, job creation, and entrepreneurship in the resource
sector (Natural Resources Canada, 2024). These agreements act as tangible steps toward reducing
the systemic inequalities faced by Indigenous communities.

3.3. The Value of Indigenous Knowledge (IK) in Ecology

A growing body of research confirms that IK the cumulative body of knowledge, practice, and
belief passed down through generations offers superior, localized, and longitudinal data on forest
ecology, biodiversity, and ecosystem resilience compared to conventional Western science
(Berkes, 2018). Specifically, IK related to disturbance management (e.g., traditional burning
practices, wildlife management) is increasingly recognized as vital for adapting to climate change

Canadian Journal of Forestry Research (CJFR) Volume 1, Issue 1, September, 2025 (Monthly)

and increasing the ecological sustainability of the forest resource (Gagnon & Bégin, 2012).

4. MATERIALS AND METHODS

This paper utilizes a qualitative and comparative policy analysis methodology, drawing primarily
on secondary data from legal, policy, and academic sources.

4.1. Data Collection

Data collection focused on retrieving and analyzing three primary categories of secondary data:
legal and policy documents, academic research, and case study reports.

Corporate Sustainability
Reports.

Data Category H Source Type H Variables/Metrics Extracted
Federal/Provincial Legislation |Definition of "consultation,"
Legal/Policy (e.g., UNDRIP Act), Court Implementation of FPIC, Legislative
Frameworks Decisions (e.g., Tsilhqot'in), |[barriers to co-management,
Consultation Guidelines. Presence/absence of enabling legislation.
Government Reports (CFS, Number of co-management agreements,
. StatsCan), Economic Total revenue shared, Indigenous-owned
Economic/SDG . .
Impact Development Agency Reports, |[Forest enterprises, Employment rates in

forestry (relative to non-Indigenous),
Progress toward SDG 8 & 10 metrics.

Co-Management
Case Studies

Peer-Reviewed Articles,
Indigenous-led Research,
Land-use Planning Reports
(e.g., Model Forest Network).

Structure of governance (advisory vs.
decision-making power), Integration of IK
into management plans, Outcomes
(ecological, social, economic) compared to

conventional methods.
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Search Strategy: Databases (e.g., Scopus, HeinOnline, Google Scholar) were queried using terms
such as "Indigenous co-management," "FPIC forestry Canada," "resource benefit sharing," and
"UNDRIP forest governance."

Synthesis and Analysis: A thematic analysis was performed to isolate the core differences
between consultation and co-management, to quantify the socio-economic benefits of resource
sharing, and to document the ecological contributions of IK. The findings were synthesized to
build a normative case for comprehensive governance reform.

5. RESULTS AND DISCUSSION
5.1. The Necessity of Power-Sharing

The review confirms that the transition from procedural consultation to genuine co-management
is essential for fulfilling the spirit of Reconciliation. Co-management structures, where decision-
making power is legally shared between Indigenous governments and the Crown, show higher
long-term success rates, leading to more stable resource operations and stronger community
support. Failure to adopt FPIC remains a key risk factor for costly legal challenges and project
delays.

5.2. Benefits Realization and SDG Achievement

Evidence strongly supports the argument that resource revenue sharing is the most direct policy
mechanism for achieving SDG Target 8.3 and reducing inequalities (SDG 10). Communities with
established benefit-sharing agreements exhibit higher rates of self-directed socio-economic
investment, leading to the creation of sustainable Indigenous-led Forest enterprises and decent
employment, thereby internalizing the wealth generated from their territories.

5.3. IK and Ecosystem Health

Case studies consistently demonstrate that incorporating Indigenous Knowledge enhances
management quality. For example, traditional knowledge of localized hydrological systems or the
role of low-intensity fire has led to forest management plans that are more resilient to the impacts
of climate change and more successful in restoring threatened species habitat (e.g., for Woodland
Caribou). This integration underscores that decolonizing governance is not just a social imperative
but an ecological necessity.

6. CONCLUSION

Reconciliation in Canadian forestry defined by the principles of FPIC, authentic co-management,
and equitable benefit sharing is the critical governance challenge of the modern era. The colonial
legacy of exclusion directly impedes Canada's ability to meet its commitments under SDG 8
(Economic Growth) and SDG 10 (Reduced Inequalities). Moving forward, the scientific and policy

September 1, 2025



http://www.cjfr.ca/

www.cjfr.ca DOI: 10.5281/zenodo.17567420

Canadian Journal of Forestry Research (CJFR) Volume 1, Issue 1, September, 2025 (Monthly)

focus must be on creating robust, legally-binding frameworks that recognize Indigenous Nations
as indispensable partners and decision-makers, thereby leveraging Indigenous Knowledge for
sustainable and resilient forest futures.
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Abstract

Although Canada maintains a vast forest estate, the permanent conversion of forest land often
referred to as deforestation in the context of land-use change represents a persistent, albeit low,
national challenge. This conversion is driven primarily by urban expansion, agricultural
development, and resource infrastructure projects (mining, oil and gas). While the area affected is
small relative to natural disturbances, this permanent loss violates the spirit of SDG Target 15.2
(Halt deforestation) and results in disproportionate impacts on biodiversity and localized carbon
emissions. This paper reviews the main drivers of forest land conversion, quantifies its contribution
to carbon flux, and discusses the governance challenges in mitigating this irreversible loss, which
is essential for meeting both national and global sustainability commitments.

1. INTRODUCTION

Canada defines deforestation as the permanent conversion of forest land to non-forest uses, where
the land is unlikely to be returned to forest within 50 years (Natural Resources Canada, 2024).
Crucially, this definition excludes temporary losses due to harvesting, as Canadian regulations
require prompt forest regeneration. Despite having a globally low deforestation rate (Statistics
Canada, 2023), the cumulative loss, especially in high-value, species-rich areas, is a critical issue.

The problem is fundamentally one of land-use governance, impacting United Nations Organization
(UNO) Social Development Goal (SDG) 15: “Life on Land”. Specifically, the permanent
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conversion of forest to industrial or agricultural land directly undermines the goal to sustainably
manage forests and halt deforestation (Target 15.2). Understanding the specific drivers behind this
loss is necessary for targeted policy interventions.

2. AIM AND OBJECTIVES
2.1. Aim

The primary aim of this review is to characterize the drivers and quantify the key environmental
consequences of permanent forest land conversion in Canada.
2.2. General Objective

The general objective of this research paper is to critically assess how localized, persistent
deforestation undermines Canada's commitments to SDG Target 15.2 (Halt deforestation) by
contributing to carbon emissions and biodiversity loss.

2.3. Specific Objectives: The specific objectives of the study are to:

1. identify and analyze the major anthropogenic drivers of forest land conversion across
different Canadian ecozones (e.g., urban vs. resource-based regions).

2. quantify the contribution of permanent land conversion to national greenhouse gas (GHG)
emissions in the context of total forest sector emissions.

3. examine the localized impacts of deforestation on biodiversity and the fragmentation of
key wildlife habitats.

4. discuss the policy and planning challenges associated with mitigating permanent loss in a
context of continued economic development and population growth.

3. REVIEW OF LITERATURE
3.1. Primary Drivers of Conversion

Canadian literature confirms that the drivers of conversion and deforestation in Canada are spatially
explicit (Statistics Canada, 2023).

Urban and Peri-Urban Expansion: In southern and central regions (e.g., southern Ontario,
Quebec, coastal B.C.), the primary cause is the conversion of forests for residential, commercial,
and transportation infrastructure to accommodate growing populations (Natural Resources Canada,
2024).

Resource Infrastructure: In the boreal and western regions, linear infrastructure (seismic lines,
pipelines, roads) related to oil and gas exploration, mining, and hydroelectric projects is a dominant
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driver. While often narrow, the sheer length of these corridors contributes significantly to
deforestation and, critically, habitat fragmentation (Schindler et al., 2017).

Agriculture: Conversion for crop production and pasture is significant in the Prairies and parts of
the Boreal Plains, driven by commodity demand and changing climate suitability (Statistics Canada,
2023).

3.2. Carbon Flux and Emission Contribution

Deforestation is accounted for in Canada’s national greenhouse gas inventory as a direct source of
emissions (Environment and Climate Change Canada, 2022). The conversion process involves the
immediate release of stored carbon through burning or decay of cleared biomass, alongside the
long-term cessation of carbon sequestration on that land. While total emissions from deforestation
are small compared to those from natural disturbances (like large wildfires), they represent an
irreversible, direct anthropogenic source that violates the principle of a stable forest carbon stock
(Statistics Canada, 2023).

3.3. Biodiversity and Habitat Fragmentation

The localized environmental impacts of permanent forest loss are often disproportionate to the
area converted. Habitat fragmentation caused by linear features (roads, seismic lines) is a
recognized crisis in the boreal forest (Schindler et al., 2017). This fragmentation increases predator
access and limits movement for sensitive species, notably the Woodland Caribou, leading to
population declines that challenge national biodiversity targets and SDG 15.5 (halt the loss of
biodiversity).

4. MATERIALS AND METHODS

This paper utilizes a quantitative and qualitative policy review methodology, drawing on nationally
available datasets and peer-reviewed literature.

4.1. Data Collection

The study relied on the systematic retrieval of secondary data from official national reports and
academic analyses.

4.1. Data Collection

The study relied on the systematic retrieval of secondary data from official national reports and
academic analyses.
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Data Category H Source Type H Variables/Metrics Extracted
National Forest Inventory (NFI), ||Annual net area deforested (hectares),
Deforestation |Statistics Canada Reports, Deforestation rate by province/territory,
Area/Rate Annual GHG Inventory Reports |[Land-use categories driving conversion
(ECCC). (e.g., agriculture, infrastructure).
Carbon |Camadais National Inventory [0 28 0N o of
0O Report (NIR) to the UNFCCC 1 (Mg /year), Lomp
Emissions deforestation emissions vs. natural
(Forest Land category). . .
disturbance emissions.
Peer-ReV1ewed Hab} tat Extent of linear disturbance density
. Fragmentation Studies, Federal A )
Ecological : . (km/km$”28$), Documented impacts on
Species at Risk Act (SARA) N : . .
Impact . indicator species (e.g., Caribou population
reports, Academic land-use : = L
. trends), Localized biodiversity indices.
modeling.

Search Strategy: Databases (e.g., Scopus, Google Scholar, Federal Publications) were queried
using terms such as "deforestation Canada drivers," "forest land conversion," "Canada GHG
inventory forest," and "linear disturbance fragmentation."

Synthesis and Analysis: Data were quantitatively compared to establish the relative significance
of conversion emissions versus other forest-sector emissions. Qualitatively, a thematic analysis of
policy documents and ecological literature was performed to understand the challenges in
regulating conversion for essential economic activities.

5. RESULTS AND DISCUSSION
5.1. Dominance of Resource Infrastructure

Data confirmed that linear resource infrastructure (roads, seismic lines) remains the leading driver
of new deforestation across the vast boreal and western regions, exceeding the cumulative area
lost to urban development nationally (Statistics Canada, 2023). This highlights a key mitigation
challenge: while individual linear features are small, their network effect is massive, creating
extensive fragmentation.

5.2. Emissions and Policy Gaps

While annual deforestation emissions are small on a national scale, their inclusion in the GHG
inventory underscores their political and environmental significance as a measurable loss of
sequestration potential. The policy challenge lies in the jurisdictional complexity: forest
management is primarily provincial, while the drivers (mining, energy, urban planning) are often
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subject to different regulatory bodies. This lack of integrated land-use planning often prioritizes
immediate economic gain over long-term forest conservation, violating the spirit of SDG 15.2.

5.3. Mitigating Irreversible Loss

Effective mitigation requires a strategy focused not only on minimizing the area converted but also
on remediation and offset. Efforts to decommission and restore linear features (e.g., reclaiming
seismic lines) are vital to reduce habitat fragmentation, which is the most critical ecological impact
of this form of deforestation (Schindler et al., 2017). Urban and agricultural expansion necessitates
improved planning to protect adjacent natural infrastructure.

6. CONCLUSION

The permanent conversion of forest land in Canada, driven by essential economic and population
activities, is a fundamental governance challenge. Although the national rate is low, this persistent
deforestation contributes irreversible carbon emissions and significantly compromises key wildlife
habitat through fragmentation, thereby violating the intent of UN-SDG Target 15.2 (Halt
deforestation). Moving forward, Canada must enforce integrated land-use planning that strictly
limits new conversion, mandates rigorous habitat reclamation for resource infrastructure, and
prioritizes "land-sparing" development models to ensure the stability of the forest estate for future
ecological and economic benefits.
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Abstract

Agroforestry, the intentional integration of woody perennials with crops and/or livestock, offers
Canada a highly effective Nature-Based Solution (NBS) to address escalating challenges of climate
change, soil degradation, and rural economic vulnerability. This paper analyzes the significant
potential of key temperate agroforestry systems including intercropping, silvopasture, and riparian
buffer strips to enhance carbon sequestration (up to 8.5 million tonnes CO2 equivalent per year),
diversify farm income, and improve ecosystem services (e.g., water quality and biodiversity).
However, widespread adoption is severely constrained by systemic institutional barriers, including
the lack of a dedicated national policy framework, the jurisdictional separation of agriculture and
forestry agencies, high initial capital costs, and a critical shortage of integrated technical expertise.
The study proposes that solutions center on establishing a Canadian Agroforestry Strategic
Framework, providing targeted financial incentives to address the delayed return on investment,
and integrating technical training across university and extension services.

1. Introduction

Global institutions, including the Food and Agriculture Organization (FAO) and the
Intergovernmental Panel on Climate Change (IPCC), have identified agroforestry as a crucial
component of climate-smart agriculture (Source 1.1). In Canada, with its vast agricultural footprint
(approximately 65 million hectares) and strong commitment to meeting Paris Agreement targets,
the adoption of agroforestry represents an underutilized strategy for enhancing ecosystem
resiliency and sustainable development. Despite extensive decades of research validating the
biophysical benefits of temperate agroforestry, particularly in provinces like Ontario, Quebec, and
the Prairies, the rate of farmer adoption remains remarkably low.
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The core conflict in the Canadian context lies between the demonstrated scientific potential of
these perennial systems and the structural disincentives embedded within contemporary
agricultural policy, land tenure, and financing models.

2. General and Specific Objectives
2.1. The General Objective

The general objective of this research is to comprehensively analyze the potential of agroforestry
as a viable climate and economic solution for the Canadian agricultural sector and to identify the
primary constraints and effective policy mechanisms required for its successful scaling and
national integration.

2.2. Specific Objectives

Quantify Potential: To review existing empirical data on the carbon sequestration and greenhouse
gas (GHG) mitigation potential of key agroforestry practices (e.g., intercropping, silvopasture) in
Canadian temperate environments.

Identify Barriers: To systematically categorize and detail the major economic, institutional, and
knowledge-based barriers preventing the widespread adoption of agroforestry by Canadian
producers.

Propose Solutions: To develop evidence-based policy and technical recommendations for the
federal and provincial governments to accelerate the adoption rate of agroforestry systems across
the country.

3. Review of Literature, Aims, and Scope
3.1. Review of Literature

Canadian agroforestry research has historically focused on the biophysical validation of systems,
largely originating from the former Agroforestry Development Centre at Indian Head,
Saskatchewan, and university-led research in Ontario and Quebec.

Environmental Benefits: Studies confirm that tree-based intercropping (TBI) can significantly
increase Soil Organic Carbon (SOC) storage (0.44 to 1.16 Mg C ha—1 yr—1 conversion from annual
crop to perennial crops) and reduce N20 emissions through enhanced nitrogen-cycling. Riparian
buffer strips are essential in Eastern Canada for reducing nitrate-N leaching by up to 50%, directly
improving water quality.

Economic Rationale: Economic analyses often show that while TBI and silvopasture require
higher initial investment, they offer higher net present value (NPV) and Internal Rate of Return
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(IRR) over the long term than sole commodity production by diversifying revenue streams (Source
3.4). Furthermore, shelterbelts have been shown to increase adjacent crop yields by 8-25% due to
improved microclimates.

Adoption Gap: The literature consistently points to non-technical barriers as the root cause of the
low adoption rate. Key issues include the institutional separation of agriculture and forestry
departments, the high initial capital cost, the perception of management complexity, and the lack
of a dedicated national policy to guide and incentivize implementation.
3.2. Aim and Scope
This paper aims to bridge the gap between robust scientific knowledge and deficient policy action.
The scope is limited to temperate agroforestry practices applicable within the major agricultural
regions of Canada (Prairies, Ontario, Quebec, and the Atlantic Region) and focuses specifically on
policy and economic intervention solutions.

4. MATERIALS AND METHODS
4.1. Data Collection
This research relies on a systematic review of secondary data, including:
Peer-Reviewed Scientific Literature: Articles published in high-impact journals focusing on the

environmental, economic, and social outcomes of temperate agroforestry, with preference given to
Canadian case studies.

Government and Institutional Reports: Publications from Agriculture and Agri-Food Canada
(AAFC), provincial agricultural ministries, and reports from non-governmental organizations
(NGOs) focusing on Natural Climate Solutions (NCS) and land-use policy.

Grey Literature: Reports and conference proceedings from recognized Canadian agroforestry
specialists and academic working groups to capture the most current and regionally specific

adoption barriers.

The collected data was synthesized and organized according to the primary research objectives
(Potential, Problems, Solutions).

S. RESULTS AND DISCUSSION
5.1. Results: Agroforestry Potential as a Natural Climate Solution

The integration of trees into Canadian agricultural land can achieve significant GHG mitigation:
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Asoroforestr Potential Estimated Annual CO2e
gPrac tice y Adoptable Area | Capture (million tonnes Primary Benefit
(ha) CO2e/year)
Intercropping 800,000 40 Highest GHG Reduction,
(Alley Cropping) (ON & QC) ’ Crop Diversification
. Livestock Welfare (Shade),
Silvopasture 985,000 2.8 Soil Health, Forage
Riparian Water Quality, Water
P 200,000 1.62 Quality, Erosion Control,
Buffers S !
Biodiversity
Total Potential 2.0 million 8.5 Chmate.Mltlgatlon &
Adaptation

The overall potential for 8.5 million tonnes /year represents a significant, yet largely untapped,
contribution to Canada's national climate targets.

5.2. Discussion: Systemic Problems
The low adoption rate is attributable to three major, interrelated systemic issues:

1. Financial and Economic Disconnect: The immediate cost of establishment (specialized
equipment, labor, planting stock) is high, and the return on investment (ROI) is delayed (5-15
years), creating a high financial risk that conventional agricultural financing models are not
equipped to handle. The economic value of the ecosystem services provided (carbon, water
quality) is rarely monetized or compensated, making the practices economically unviable under a
sole production-based accounting model.

2. Institutional and Policy Fragmentation: The core policy problem is the lack of a unified
Canadian agroforestry strategic framework. Forest and agriculture sectors are governed by
separate provincial ministries, resulting in a jurisdictional gap where farmers receive inconsistent
support, regulation, and technical advice. This separation impedes the necessary cross-sectoral
planning required for landscape-level adoption.

3. Knowledge and Technical Gaps: There is a profound shortage of trained professionals and
integrated extension services capable of advising producers on complex, site-specific agroforestry
design and management. Farmers lack regionally specific production and economic data to
confidently transition from proven monocultures, contributing to an "awareness barrier" for non-
traditional systems like alley cropping and silvopasture.
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6. SOLUTIONS AND POLICY RECOMMENDATIONS
Addressing the adoption barrier requires a concerted, long-term national policy commitment:
Establish a National Agroforestry Strategic Framework (The Policy Solution):

The federal government must lead the creation of a national strategy, promoting a unified approach
across provinces. This includes re-establishing a dedicated, federally funded Agroforestry
Development/Extension Centre.

Action: Mandate inter-ministerial cooperation at the federal and provincial levels to overcome the
Agriculture/Forestry institutional separation.

Targeted Financial De-Risking (The Economic Solution):

Implement long-term, front-loaded financial incentives (e.g., cost-share programs, low-interest,
long-term loans) that compensate producers specifically for the establishment phase and the
delayed ROL.

Action: Develop a mechanism to monetize the ecosystem services (e.g., carbon credits, water
quality payments) provided by agroforestry, creating a positive annual income stream for
participating farmers.

Integrated Education and Extension (The Knowledge Solution):

Integrate agroforestry as a core discipline within Canadian agricultural and forestry university
curricula to develop a skilled professional workforce.

Action: Fund and develop a national network of on-farm demonstration sites and farmer-to-farmer
mentorship programs to provide tangible, locally relevant examples and bridge the knowledge gap.

7. CONCLUSION

Agroforestry's potential as a powerful tool for climate change mitigation and rural economic
diversification in Canada is empirically proven. However, its scaling is contingent upon
overcoming decades of policy neglect and institutional fragmentation. Transitioning from small-
scale research to national adoption requires deliberate governmental action: the creation of a
dedicated strategic policy, the provision of financial mechanisms that de-risk long-term
investment, and the development of integrated technical expertise. By implementing these
solutions, Canada can effectively leverage its landscapes to achieve its environmental
commitments and build a more resilient agricultural future.
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