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Key Topic 4: Policies and Programs for Adapting to a Changing Climate 

12. Explain how various levels of government, non-governmental organizations, and individuals 

are involved in mitigating and adapting to climate change at the local, national, and 

international levels. 

13. Describe innovative technologies and programs designed to combat climate change. 

14. Explain the importance of primary resource sectors (forestry, agriculture, fisheries) to the 

economy of New Brunswick. 

15. Describe the unique challenges faced by regions largely dependent on primary resources, and 

how climate change influences these challenges 

16. Explain how to best apply climate change risk assessment and adaptation measures in regions 

with primary resource dependent economies. 

 

Study Resources 

Resource Title Source Located on 

VIDEO: UN Sustainable Development Goals – 

Overview – CLICK LINK 
United Nations, 2018 

Page 112; 2 

Minutes 

Federal Adaptation Policy Framework for 

Climate Change 
Government of Canada, 2016 

Pages 113-

118 

Memorandum of Cooperation between the 

Government of Canada and the Government of 

the State of California of the United States of 

America concerning Climate Action and Nature 

Protection 

Government of Canada, 2022 
Pages 119-

123 

How Can Technology Help Combat Climate 

Change 
World Economic Forum, 2022 

Pages 124-

127 

Carbon Sequestration 
University of California – Davis, 

2021 

Pages 128-

132 

A Profile of the Natural Resource Sector in New 

Brunswick 
NBJobs.ca, 2021 

Pages 133-

141 

Atlantic Provinces, Regional Perspectives Report Government of Canada, 2022 
Pages 142-

150 

Perspectives on Canada’s East Coast region; in 

Canada’s Marine Coasts in a Changing Climate 

Savard, J.-P., van Proosdij, D. and 

O’Carroll, S.; (ed.) D.S. Lemmen, 

F.J. Warren, T.S. James and 

C.S.L. Mercer Clarke; 

Government of Canada, Ottawa, 

ON; 2016 

Pages 151-

189 
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Climate Change: Impacts on Forests 
Government of Canada, Natural 

Resources Canada (NRCan), 2020 

Pages 190-

192 

Canada’s Partnership with Indigenous Peoples on 

Climate 

Environment and Climate Change 

Canada, 2022 

Pages 193-

195 

Renewable Energy Brings About Improvement In 

People’s Livelihoods and Helps Fight Climate 

Change 

International Model Forest 

Network (IMFN), 2019 

Pages 196-

198 

 

*Please Note: Hyperlinks found in text are not considered required reading; however, included 

video links are required to watch.* 

Study Resources begin on the next page         
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UN Sustainable Development Goals - Overview (https://youtu.be/M-iJM02m_Hg)  

 

 

 

  

https://youtu.be/M-iJM02m_Hg
https://youtu.be/M-iJM02m_Hg
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Federal Adaptation Policy Framework for Climate Change 

The Federal Adaptation Policy Framework guides domestic action by the Government of 

Canada to address adaptation to the impacts of climate variability and change. It sets out a 

vision of adaptation in Canada, objectives, roles of the federal government, and provides criteria 

for setting priorities for action. While adapting to climate change requires a long-term vision, this 

framework is aimed at targeting medium-term strategies. 

Climate change impacts are already being observed across a wide range of federal services, 

programs, policies, and regulations and all must adapt. Implementation of this framework is 

intended to result in adaptation considerations being proactively and explicitly included in 

federal processes, in order that adaptation planning, and programming occurs as part of 

ongoing federal activities. The framework will support decision making in federal organizations’ 

planning of adaptation elements in their programming and in central agencies reviewing of 

programs with adaptation elements. It calls for consideration of climate change impacts, without 

prescribing how or when to adapt. 

This domestic framework will also serve as input to the development of Canada’s international 

policy on climate change adaptation. 

Context 

The Earth’s climate is already changing, and it will continue to change in the medium-term, 

regardless of the effectiveness of global measures to reduce greenhouse gas emissions. The 

Intergovernmental Panel on Climate Change (IPCC) agrees that the rate of change will exceed 

that to which humans or ecosystems can easily adjust without explicit planning and action by 

decision-makers. 

The impacts of a changing climate are evident in every region and sector across Canada.  

Higher temperatures, declining sea and lake ice, diminishing glaciers, melting permafrost, more 

heat waves, more violent storms, and increased coastal erosion are some of the changes being 

observed. The North is particularly vulnerable to the impacts of climate change, as they are 

experiencing changes that are more extreme and occurring at a faster rate than the rest of 

Canada. The impacts of many recent severe weather events demonstrate that Canadian 

communities, critical infrastructure and human health are vulnerable to climate change. Some of 

the most widespread impacts in Canada are related to waterways and water resources, which 

affect agriculture, fisheries, energy production, transportation systems, municipalities, and 

recreation. Climate change impacts are not only physical; they can have long-lasting economic, 

social, environmental, and human health effects. While there will be negative impacts as a result 

of climate change, Canada will also experience benefits such as longer agricultural and ice-free 

shipping seasons and expanded tourism and recreation opportunities. 

Canadians need to adapt to the changing climate by taking action to reduce negative 

consequences and to take advantage of new opportunities that the changes may bring. Climate-

sensitive decisions can no longer be based solely on historical climate data. 
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According to the IPCC, adaptation is the adjustment in natural or human systems in response to 

actual or expected climatic stimuli or their effects that moderates harm or exploits beneficial 

opportunities. Adaptation requires making decisions in the face of the uncertainty inherent in the 

prediction of future climate change and variability, in the cumulative impact of climate impacts, 

and of future socio-economic challenges and opportunities. Adaptation involves reducing 

vulnerability and strengthening resilience to climate change and variability. Adaptation is best 

guided by incorporating new scientific information (e.g., future climate models and scenarios) 

into existing risk management processes. 

Vision statement 

Recognizing the need to adapt to climate change, the wide variation in climate impacts across 

Canada, and the many groups that are involved in adaptation, the Government of Canada 

adopts the following vision: 

Canada is resilient to a changing climate by successfully adapting to the challenges and 

opportunities, and ensuring the health, safety, and security of Canadians and Canada’s 

environmental, social, and economic wealth in a long term and sustainable manner. 

 

Objectives 

The following are the objectives of the Federal Adaptation Policy Framework: 

1. Canadians understand the relevance of climate change and associated impacts on their 

quality of life. 

2. Canadians have the necessary tools to adapt to climate change effectively. 

3. The federal government, as an institution, is resilient to a changing climate. 

The federal role 
Given the broad health, environmental, social, and economic impacts of climate change, the 

federal government must take action to ensure that it effectively integrates climate change 

considerations into its own programs, policies, and operations and facilitates action by others. 

These roles are accomplished by: 

1. Generating and sharing knowledge 

The Government of Canada plays a crucial ongoing role in the generation and provision of 

scientific information to support evidence-based decision making related to climate change 

impacts and adaptation. In some cases, the federal government hosts knowledge and expertise 
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not found elsewhere in Canada. This includes a range of activities, such as periodic national 

assessments of climate change, development of innovative new technologies and practices, 

ongoing environmental monitoring, research in specific areas (e.g., climate change projections, 

climate change effects on forests, and transportation infrastructure), and support for and 

engagement with stakeholders in the development of tools for adaptation. This role capitalizes 

on federal strengths in science and technology that are not replicated outside the Government. 

It is also essential to the understanding of critical issues and the ability of stakeholders to 

develop and apply effective responses. 

The Government of Canada is well positioned to mobilize economies of scale to generate and 

deliver fundamental knowledge and information that can be applied across the country. Sharing 

information, both within the federal government, the international community, and with other 

external stakeholders (e.g., academia) will increase awareness of climate change impacts, 

assist with capacity building, and reduce adaptation costs in all regions and sectors. By 

participating in the generation of new information and tools, the federal government will ensure 

that this is made public. 

Knowledge of climate variability, change, impacts, and adaptation options is a fundamental input 

to both internal and external adaptation. Further research and modeling to address knowledge 

gaps, such as socioeconomic considerations and refining information at local scales, will lead to 

better and more targeted adaptation. Although our climate variability and change knowledge is 

incomplete, there is now enough information to implement adaptation measures. 

2. Building adaptive capacity to respond and helping Canadians take action 

The federal government plays a key role in helping to build the capacity of the private sector, 

other levels of government, communities, and organizations to assess and manage the risks 

and complexities of a changing climate and to take effective and sustainable action. These 

efforts should continue. The federal government is particularly well-positioned to support the 

development and dissemination of climate change information, guidance, and tools that help 

Canadians to adapt. 

The federal government’s ability to facilitate collaboration amongst many different stakeholders 

can be leveraged to build broad-based awareness and understanding of climate change in order 

to motivate and promote action at all levels across the country. For example, the government 

could engage stakeholders and facilitate expert discussions on assessing the need for 

adaptation and ways to adapt within their domains and providing decision-making tools that 

others can use 1. Further, collaborative action across governments, economic sectors, 

communities, and disciplines can increase the effectiveness and efficiency of adaptation 

measures. 

3. Integrating adaptation into federal policy and planning (mainstreaming) 

Managing the potential impacts of climate change is also part of an organization’s risk 

management considerations.  According to the Treasury Board of Canada Secretariat’s 
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Framework for the Management of Risk, “Effective risk management equips federal government 

organizations to respond actively to change and uncertainty by using risk-based information to 

enable more effective decision-making.”  While there are some anticipated benefits, impacts 

from climate changes are projected to be mostly negative and could affect all aspects of 

Canadian society.  As such, it is the responsibility of each federal organization to apply its 

experience in risk management to the climate change issues that could affect its continued 

ability to deliver on its mandate.  In this way, federal organizations can build the capacity to 

proactively manage uncertainty that stems from climate change and make informed decisions 

about how best to minimize negative impacts and maximize opportunities. 

As Canada’s largest organization, with operations in all regions of the country, an effective way 

for the federal government to advance adaptation efforts across Canada is to lead by example, 

specifically by building resilience into federal assets, programs and services against the impacts 

of climate variability and change. This means ensuring that climate change considerations are 

integrated into federal activities, such as policy and planning processes. Factoring climate 

variability and change into policy, programs, and operations is one of the most important ways 

the government can contribute to adaptation and is consistent with the government’s risk 

management approach of enhancing the protection of public assets and resources and 

strengthening planning and decision making. Experts agree that integrating climate variability 

and change information into policy, planning, and decision-making is more effective and more 

cost-efficient than addressing adaptation in isolation. 

Via integrating adaptation into federal policy, planning, and operations adaptation planning and 

decision-making will become part of ongoing management processes, rather than an 

independent policy or program domain, and will be accomplished within existing government 

structures. By integrating adaptation, the government itself adapts, and in so doing can mobilize 

its authorities, investments, and economic instruments in support of adaptation actions across 

the country. Integration will require building internal capacity, disseminating information, and 

developing new knowledge. 

Criteria for identifying federal priorities 

In carrying out the federal role, it is recommended that federal departments and agencies give 

consideration to the following criteria when identifying climate change adaptation priorities: 

1. Nature of impacts and vulnerability 

Adaptation should be a priority where negative impacts are most severe or beneficial impacts 

are of the greatest potential. Severe impacts can occur in a number of ways, such as via a large 

impact on a small group (e.g., northern communities), or a small impact on a large group. 

Vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse 

effects of climate change, including climate variability and extremes. Vulnerability is a function of 

the character, magnitude and rate of climate variation to which a system is exposed, its 

sensitivity and its adaptive capacity 2. The nature of the resulting profile of potential 
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vulnerabilities is an important input to adaptation decision-making. There may be thresholds 

where risks from impacts change, irreversible losses occur, or where impacts cease to be 

beneficial. 

2. Appropriateness of federal action 

Several criteria are useful for guiding priority setting and decision making for determining when 

and where it is appropriate for the federal government to act. These criteria should be 

considered in the order they are presented. 

I. Unique federal role and responsibility 

The nature of federal responsibility is a factor in setting priorities. Greater attention should be 

accorded to areas of sole federal responsibility (e.g., First Nations and Inuit, oceans, inter-

provincial, and international matters), where the federal government has fiduciary or other direct 

responsibilities, is better positioned to act than other groups (e.g., gathering and disseminating 

climate change adaptation information, guidance, and tools), or has legislative authority (e.g., 

mainstreaming adaptation into federal policy and planning). 

II. Unique federal capabilities 

Greater consideration should be accorded to areas in which the federal government has the 

levers, assets, and capabilities that others do not have to generate knowledge, products, and 

services (e.g., decision-making tools, future climate data) necessary for adaptation in Canada. 

For example, at present, the federal government operates some unique climate, oceans and 

freshwater monitoring networks and has expertise unparalleled in Canada in climate modeling. 

The resulting environmental data are key inputs to adaptation planning in organizations across 

Canada. 

III. Timeliness of action 

It is important to take cost-effective action in situations where inaction would result in increased 

negative impacts, including associated costs or forgone opportunities. Implementing adaptation 

should be a priority when existing provisions lock-in conditions inadequate for predicted future 

changes in climate. For example, costs associated with future climate related failures in 

infrastructure could potentially be avoided by changing current infrastructure design protocols to 

become more resilient to predicted future changes in climate. 

IV. Effectiveness of action 

Federal action on adaptation should be directed towards areas where intervention is effective 

and efficient. Indicators of effectiveness and cost efficiency are collaboration, which leverages 

federal investment, and broadly applicable products, services, policies, or actions. 
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3. Mainstreaming ability 

Climate change adaptation must become the new business-as-usual for individuals and 

organizations across Canada. Knowledge and tools must support independent action and the 

integration of adaptation into existing objectives, strategies, policies and processes at all levels 

and stages. Policies and programs will need to be evaluated and revised as conditions change 

over time and new knowledge is generated. 

4. Collaboration potential 

The federal government should focus on priority-driven partnerships in order to integrate plans 

and actions among partners and support a coherent, targeted response in the key domains of 

health and communities, the economy, infrastructure, and natural systems. 
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Memorandum of Cooperation between the Government of Canada and 

the Government of the State of California of the United States of 

America concerning Climate Action and Nature Protection 

 

The Government of Canada and the Government of the State of California, hereinafter 

referred to as “the Participants”, 

Considering that the twin challenges of climate change and biodiversity loss are a global threat 

to the lives and livelihoods of individuals and communities, and that there is an urgent need for 

collaboration on solutions to mitigate and adapt to climate change, as well as to prevent and halt 

biodiversity loss; 

Considering that vehicles and transportation fuels are a significant source of greenhouse gas 

and air pollutant emissions in both Canada and California and, that cutting transportation 

emissions is one of the most readily achievable and economically beneficial ways to mitigate 

climate change, while building cleaner and more resilient communities and economies; 

Considering that the Department of the Environment of Canada (Environment and Climate 

Change Canada - ECCC) and the California Air Resources Board have an existing 

Memorandum of Understanding to promote and carry out cooperative activities on policy and 

regulatory measures that reduce emissions of greenhouse gases and air pollutants including 

from: vehicles, engines and fuels; 

Considering that there are further opportunities to collaborate and share information on light-, 

medium-, and heavy-duty vehicles, off-road equipment, clean and renewable fuel standards and 

charging infrastructure; 

Considering that the development, adoption and scale up of clean technologies such as 

hydrogen, carbon capture, utilization and storage, clean energy, among others, is critical to 

meet their emission reduction goals; 

Considering that Canada and California are implementing a range of complementary voluntary 

and regulatory actions spanning the plastics lifecycle in order to address the threats of plastic 

waste and pollution, including microplastics, on the health of the environment and ecosystems, 

including wildlife, rivers, lakes and oceans, and to accelerate the adoption of innovative 

technologies and advance the transition towards a circular economy for plastics that will reduce 

pollution and have positive economic impacts; 

Considering that both Canada and California are experiencing more frequent extreme weather 

events, such as wildfires, stronger storms and droughts, eroding coastlines and floods, as well 

as experiencing increasing social and economic losses from current and future impacts of 
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climate change and that urgent action is needed to adapt and build resilience, including through 

the use of nature-based solutions; 

Considering that Canada is developing a National Adaptation Strategy and California has 

recently updated its Climate Adaptation Strategy; 

Considering that both Canada and California are working to accelerate action on biodiversity 

conservation in the face of the climate crisis, in particular through Canada’s commitment to 

conserve 30 percent of its lands and waters by 2030 and California’s similar commitment to 

conserve 30 percent of its lands and coastal waters by 2030; 

Considering that Indigenous knowledge, including customary practices and cultural values, is 

essential in the fight against climate change, land degradation and biodiversity loss and that 

both Canada and California have committed to engaging Indigenous peoples; 

Considering that further collaboration between the Government of Canada and the 

Government of California would help them to achieve their climate change mitigation, adaptation 

and biodiversity objectives; 

Have reached the following understanding: 

1. Objective 

a. The objective of this Memorandum of Cooperation (MOC) is to establish a flexible 

framework for the Participants to promote and carry out cooperative activities in 

order to advance their respective policies and regulatory measures aimed at 

reducing pollution, adapting to climate change and conserving nature according to 

the Participants’ respective competencies and based on principles of equality, 

reciprocity, information exchange and mutual benefit. In doing so, the Participants 

share the following common objectives: 

i. Facilitate collaboration on their zero emission transport goals, including light-

duty vehicle ZEV sales and emission reduction targets, related incentive 

programs, and efforts to reduce the carbon intensity of fuels and to reduce 

and eliminate emissions from medium- and heavy-duty vehicles and off-road 

engines; 

ii. Promote the use of clean technologies to meet their emission reduction and 

Canada’s net zero goals, California’s carbon neutrality and to build resilience; 

iii. Share information, lessons learned and best practices on climate adaptation, 

nature-based solutions, circular economy and plastics to support their 

respective policy and regulatory development. 

2. Areas of cooperation 

a. The Participants intend to advance their respective policies and regulatory measures 

aimed at preventing pollution, adapting to climate change and conserving nature 

through initiatives focused particularly on the following areas of cooperation: 

i. Clean Transportation; 
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ii. Clean Technology and Innovation; 

iii. Biodiversity Conservation; 

iv. Climate Change Adaptation; 

v. Circular Economy, including Plastics Management; 

vi. Any other areas of cooperation they may jointly decide upon. 

3. Cooperative activities 

a. The Participants may carry out the following cooperative activities: 

i. Collaboration and sharing of technical information and/or best practices on 

regulatory development and administration, research, and policy and program 

development related to their respective regulations for greenhouse gas and 

other emissions and ZEV targets for light-, medium-, and heavy-duty vehicles 

and off-road equipment, as well as incentive programs, and low-carbon fuels 

among others; 

ii. Collaboration and sharing of information and/or best practices related to 

advancing innovation, investment, adoption and scale up of clean 

technologies, including measures that drive emissions reductions by 2030 

and net zero emissions by mid-century, as well as exploring collaboration 

opportunities with academia and private sector and to exchange information 

on strategies with respect to emerging clean technologies; 

iii. Sharing of information and best practices on biodiversity conservation in the 

face of the climate crisis, such as: understanding the impact of climate 

change and other stressors on biodiversity; protecting areas that are 

important for biodiversity, including climate refugia; accelerating biodiversity 

conservation efforts; conserving 30% of lands and waters by 2030; 

developing robust monitoring and evaluation programs to track progress 

toward biodiversity conservation goals; and meaningfully engaging 

stakeholders and indigenous peoples in biodiversity conservation (including 

approaches for considering and co-applying Indigenous Knowledge where 

made available by and with consent of knowledge holders); 

iv. Sharing of information and best practices to advance climate adaptation and 

build resilience to the impacts of climate change such as rising sea levels, 

flooding, extreme heat, wildfires and droughts, including, for example, 

knowledge exchange on nature-based solutions and their potential benefits 

such as public health and safety, economic prosperity, food and water 

security, and carbon sequestration; 

v. Sharing of information and best practices on circular economy initiatives, 

approaches and methods beyond traditional recycling; 

vi. Collaboration and seeking areas of harmonization in policies and regulations 

related to circular economy as well as reducing plastic waste and pollution, 

where appropriate, to prevent plastic pollution including from microplastics 

and commonly littered single-use plastics; address misinformation regarding 

the recyclability and compostability of plastics; advance plastic pollution 

science and performance measures or indicators; strengthen demand for 
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recycled plastics; and share information and best practices on research and 

policy measures such as the implementation of strategies and action plans. 

4. Implementing authorities 

The Participants respectively designate ECCC and the California Environmental Protection 

Agency to establish a work plan to implement the objectives of this MOC and commit to 

report back on progress annually. 

5. Points of contact 

a. The Participants designate the following as their point of contact for communication 

and information exchange, as well as any notice required to be submitted under this 

MOC: 

i. For ECCC: 

Jeanne-Marie Huddleston, 

Director General, 

Bilateral Affairs and Trade Directorate, 

International Affairs Branch 

ii. For the California Environmental Protection Agency: 

Shereen D’Souza, 

Deputy Secretary for Climate Policy and Intergovernmental Relations 

6. Availability of personnel and resources 

a. The Participants understand that: 

i. this MOC does not involve the exchange of funds, nor does it represent any 

obligation of funds by either Participant; 

ii. all costs that may arise from activities covered by, mentioned in, or pursuant 

to this MOC are expected to be assumed by the Participant who incurs them, 

unless otherwise jointly decided upon in a separate instrument; 

iii. all activities carried out pursuant to this MOC are subject to the availability of 

funds, personnel and other resources of each Participant. 

b. The Participants understand that their personnel is expected to work under their 

respective orders and any other organization or institution to which the personnel 

already belongs, at all times maintaining any preexisting employment relationship 

only with them and the organization or institution, and not with any other Participant. 

7. Respect of applicable laws 

The Participants understand that they will carry out the activities and understandings 

outlined in this MOC in accordance with their respective laws. 

8. Intellectual property 

If, as a result of the activities developed in accordance with this MOC, intellectual property 

issues arise, the Participants intend to address them in a separate and appropriate 

instrument. 

9. Differences in interpretation and application 

The Participants intend to resolve any difference in the interpretation or application of this 

MOC through consultations. 

10. Status 

This MOC is a voluntary initiative and is not legally binding. In addition, the commitments in 

this MOC are not conditioned upon reciprocal actions by the other Participant; each 
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Participant retains full discretion over implementation of its commitments in light of the 

Participant’s individual circumstances, applicable law, and policies; and each Participant is 

free to withdraw from this MOC. 

11. Final dispositions 

a. This MOC is intended to take effect on the date of its signature by the Participants 

and to remain valid for five years. The Participants may extend this MOC upon their 

mutual written consent. 

b. The Participants may modify this MOC at any time upon their mutual written consent. 

c. Either Participant may, at any time, terminate this MOC by providing a written notice 

to the other Participant. A Participant who intends to terminate this MOC is expected 

to endeavor to provide notice of such withdrawal to other Participants 30 days in 

advance. 

d. The Participants understand that termination of this MOC is not expected to affect 

the conclusion of the cooperative activities that may have been initiated during the 

time MOC was in effect, unless the Participants jointly decide otherwise. 

Signed in duplicate at Los Angeles on this 9th day of June 2022, in the English and French 

languages, both versions being equally valid. 

For the Government of Canada 

Steven Guilbeault 

Minister of Environment and Climate Change 

For the Government of the State of California of the United States of America 

Jared Blumenfeld 

Secretary for Environmental Protection 
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How Can Technology Help Combat Climate Change 

Jul 12, 2021 

Climate Change 

• After setting climate targets, countries and companies will need to quantify, 

reduce and monitor their emissions. 

• This process can be complex, time-consuming and prone to errors, especially for 

novices. 

• The right technology can simplify this process and make it more efficient, 

transparent and effective. 

• Here are three ways climate change technology solutions – particularly AIoT. 

As society pressures leaders for a more environmentally-friendly agenda, governments 

responsible for 63% of world emissions have committed to net zero with corporate net-zero 

commitments covering 12% of the global economy (representing $9.81 trillion in revenue). 

However, it is not uncommon to see large disconnects between targets and actual emissions – 

when the talk and the walk must go hand-in-hand in terms of effective emission-reduction 

progress. In June 2021, when the G7 decided to make climate risk disclosure mandatory, seven 

of the most influential global economies indicated that carbon reporting and disclosures would 

play a vital role in ensuring that emission reduction targets are in fact met. 

Setting a target is just the first step; the second is to understand and quantify the real emission 

baseline into measurable units. Next, a clear definition of the emissions reduction strategy must 

be built. Finally, near real-time monitoring of targets vs actual progress should be in place. 

Ultimately, if countries and companies are to achieve net zero, they need to monitor, reduce 

and, in some cases, offset the emissions they generate. 

The journey can be complex for beginners; it can be time-consuming, very manual, and prone to 

errors. That should not prevent companies from joining the decarbonization wave. After all, 

beyond satisfying consumers and political leaderships, committing to net zero might also prove 

economical, as access to capital will prove increasingly difficult for those not embracing the 

energy transition. As 'carbon tax' or 'cap-and-trade' schemes become the most likely path 

forward, and as and access to capital is reduced for those who fail to embrace the energy 

transition, early net-zero movers will have a competitive financial edge over laggards. 

Carbon-management process 

Carbon management can be broken down into three main categories: emission measuring and 

reporting, abatement, and offsetting. 

1. Measuring and reporting carbon footprint 

The first step is to measure carbon emissions. The carbon reporting process involves the 

collection of CO2 data, organising by emission type and geographical segment. The data is then 

https://climateactiontracker.org/blog/what-makes-a-good-national-net-zero-target-our-ten-step-evaluation-methodology-explained/
https://racetozero.unfccc.int/wp-content/uploads/2021/02/Race-to-Zero-Breakthroughs-Transforming-Our-Systems-Together.pdf
https://www.reuters.com/business/environment/g7-backs-making-climate-risk-disclosure-mandatory-2021-06-05/
https://www.ft.com/content/25408d37-79b3-49c9-b767-76e8cac1561a
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measured against internationally recognised carbon-accounting standards such as GHG 

protocol or ISO 14064-1. Currently, emission data may be obtained through meter readings, 

purchase records, utility bills, engineering models, direct monitoring, mass balance, 

stoichiometry (the calculation of reactants and products in chemical reactions), or other methods 

for acquiring data from specific activities in the company’s value chain. Challenges associated 

with measuring and reporting commonly include the laborious data collection process, difficulty 

reviewing carbon footprints across business units and assets, as well as validating underlying 

assumptions of emissions. 

2. Abatement planning and management 

Abatement planning involves identifying key sources of emissions and implementing measures 

to reduce them. By categorising emissions in step one, businesses can then pinpoint and 

measure which processes emit the highest volumes of CO2 and optimise their carbon-

abatement plan. To achieve this, abatement roadmaps set out targets and KPIs to reduce 

emissions, focusing on changing emission-heavy processes and implementing new 

technologies to reduce emissions. Due to the multiple variables that need to be considered in 

such planning, the process can be uncertain and complex. Furthermore, tracking the 

performance and progress of abatement programmes is laborious. Organizational challenges 

include a lack of both transparency regarding marginal cost-benefit of abatement programmes, 

and resources for managing and executing this abatement journey. 

 

Image: Climate Action Tracker 

3. Carbon offsetting 

Carbon offsetting is considered the option of last resort once all abatement efforts and 

decarbonization investments have been exhausted. It is a way of taking responsibility for 

unavoidable carbon emissions by paying for others to reduce or absorb CO2. Multiple types of 

projects are used for carbon offsets, ranging from environmental projects such as reforestation, 

https://ghgprotocol.org/standards
https://ghgprotocol.org/standards
https://www.intertek.com/assurance/iso-14064-1/
https://ghgprotocol.org/sites/default/files/standards/Scope3_Calculation_Guidance_0.pdf
https://climateactiontracker.org/publications/global-update-climate-summit-momentum/
https://climateactiontracker.org/publications/global-update-climate-summit-momentum/
https://climateactiontracker.org/publications/global-update-climate-summit-momentum/


 

126 

 

to carbon-capture technologies and renewable energy production. Carbon credits are 

measurable, verifiable emission reductions and have been used as a means for governments 

and companies to offset carbon emissions. Further methods include the use of RECs 

(renewable energy certificates) to offset energy consumed from non-renewable sources. 

However, offsets also come with challenges, from accurate measurement to transparency and 

verification to ease of trade. 

How technology can fight climate change 

Artificial intelligence of things (AIoT) solutions are integral to tackling some of the challenges 

associated with carbon management. There are three main areas of focus to make carbon 

management more efficient, transparent and effective. 

1. AIoT – integration into measurement and reporting 

With a myriad of databases and systems involved with different carbon-producing assets, the 

labour required to simply categorise and organise the data from multiple business units and 

assets is immense. AIoT integration enables seamless sourcing of real-time activity level data 

and asset inventory data from a variety of systems. This provides an organization with the 

capability to efficiently structure, collect and transform data into reports for accurate emissions-

monitoring and measurement, reducing overall efforts around data collection and enhancing 

data quality and report resolution. 

2. Abatement intelligence – predictive analytics to simulate emissions over time 

Abatement planning is a challenge primarily due to the lack of accurate measures for 

determining the emissions derived from certain processes. AIoT technology tackles this 

challenge by creating insights from real-time data to better predict process emissions. By 

analysing and learning through data from multiple processes, AIoT can refine the performance 

evaluation of abatement measures and optimise emissions predictions. Beyond optimising 

abatement strategies, this technology also lowers the overall marginal abatement costs. 

3. Carbon offsetting and offset integration 

Although a last resort, the carbon offset market plays an essential role towards achieving global 

net-zero emissions goals for countries and organizations, with an estimated addressable market 

size of $200 billion by 2050. However, verification of carbon offsetting and difficulty in trading 

plagues the industry. Technology can support validation of RECs in near real-time and offer a 

marketplace for affordable and fast carbon offsetting. Offset integration would provide a global 

pool of offsets to an organisation, improving ease of trade and emissions planning, reducing 

organizational hassle, and optimising the timings of REC purchases and retirement. 

Carbon management solutions are essential to meeting the G7’s mandatory climate risk 

disclosures. More importantly, they provide the technology to actively manage and reduce 

carbon emissions and achieve the net-zero pledges made by governments and corporations. 

Driven by strong political, societal and economic agendas, carbon management solutions will be 

an integral part of emission reductions. For that, real-time measurement, abatement, and offset 

https://www.southpole.com/carbon-offsets-explained
https://www.spglobal.com/platts/en/market-insights/latest-news/natural-gas/051320-global-carbon-offsets-market-could-be-worth-200-bil-by-2050-berenberg
https://www.spglobal.com/platts/en/market-insights/latest-news/natural-gas/051320-global-carbon-offsets-market-could-be-worth-200-bil-by-2050-berenberg
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integration will help ensure companies not only talk the talk but also walk the walk and 

transparently meet their net-zero targets. 
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Carbon Sequestration  

University of California – Davis, 2021  

What is Carbon Sequestration?  

Carbon sequestration secures carbon dioxide to prevent it from entering the Earth’s 

atmosphere. The idea is to stabilize carbon in solid and dissolved forms so that it doesn’t cause 

the atmosphere to warm. The process shows tremendous promise for reducing the human 

“carbon footprint.” There are two main types of carbon sequestration: biological and geological.  

What is Carbon?  

 

In many ways, carbon is life. A chemical element, like hydrogen or nitrogen, carbon is a basic 

building block of biomolecules. It exists on Earth in solid, dissolved and gaseous forms. For 

example, carbon is in graphite and diamond, but can also combine with oxygen molecules to 

form gaseous carbon dioxide (CO2).  

Carbon dioxide is a heat trapping gas produced both in nature and by human activities. Man-

made carbon dioxide can come from burning coal, natural gas and oil to produce energy. 

Biologic carbon dioxide can come from decomposing organic matter, forest fires and other land 

use changes.  

The build-up of carbon dioxide and other ‘greenhouse gases’ in the atmosphere can trap 

heat and contribute to climate change.  

Learning how to capture and store carbon dioxide is one way scientists want to defer the effects 

of warming in the atmosphere. This practice is now viewed by the scientific community as an 

essential part of solving climate change.  
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Types of Carbon Sequestration  
Biological 

Biological carbon sequestration is the storage of carbon dioxide in vegetation such as 

grasslands or forests, as well as in soils and oceans. 

Biological Carbon Found in the Oceans  

 

Oceans absorb roughly 25 percent of carbon dioxide emitted from human  

activities annually.  

Carbon goes in both directions in the ocean. When carbon dioxide releases into the atmosphere 

from the ocean, it creates what is called a positive atmospheric flux. A negative flux refers to the 

ocean absorbing carbon dioxide. Think of these fluxes as an inhale and an exhale, where the 

net effect of these opposing directions determines the overall effect.  

Colder and nutrient rich parts of the ocean are able to absorb more carbon dioxide than 

warmer parts. Therefore, the polar regions typically serve as carbon sinks. By 2100, most of the 

global ocean is expected to be made up of carbon dioxide, potentially altering the ocean 

chemistry and lowering the pH of the water, making it more acidic.  
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Biological Carbon Found in Soil 

  

Carbon is sequestered in soil by plants through photosynthesis and can be stored as soil 

organic carbon (SOC). Agroecosystems can degrade and deplete the SOC levels but this 

carbon deficit opens up the opportunity to store carbon through new land management 

practices. Soil can also store carbon as carbonates. Such carbonates are created over 

thousands of years when carbon dioxide dissolves in water and percolates the soil, combining 

with calcium and magnesium minerals, forming “caliche” in desert and arid soil.  

Carbonates are inorganic and have the ability to store carbon for more than 70,000 years, while 

soil organic matter typically stores carbon for several decades. Scientists are working on ways 

to accelerate the carbonate forming process by adding finely crushed silicates to the soil in 

order to store carbon for longer periods of time.  

 

Biological Carbon Found in Forests 
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About 25 percent of global carbon emissions are captured by plant rich landscapes such as 

forests, grasslands and rangelands. When leaves and branches fall off plants or when plants 

die, the carbon stored either releases into the atmosphere or is transferred into the soil. 

Wildfires and human activities like deforestation can contribute to the diminishment of forests as 

a carbon sink.  

Biological Carbon Found in Grasslands  

While forests are commonly credited as important carbon sinks, California’s majestic green 

giants are serving more as carbon sources due to rising temperatures and impact of drought 

and wildfires in recent years. Grasslands and rangelands are more reliable than forests in 

modern-day California mainly because they don’t get hit as hard as forests by droughts and 

wildfires, according to research from the University of California, Davis. Unlike trees, grasslands 

sequester most of their carbon underground. When they burn, the carbon stays fixed in the 

roots and soil instead of in leaves and woody biomass. Forests have the ability to store more 

carbon, but in unstable conditions due to climate change, grasslands stand more resilient.  

Geological  

Geological carbon sequestration is the process of storing carbon dioxide in underground 

geologic formations, or rocks. Typically, carbon dioxide is captured from an industrial source, 

such as steel or cement production, or an energy-related source, such as a power plant or 

natural gas processing facility and injected into porous rocks for long-term storage.  

Carbon capture and storage can allow the use of fossil fuels until another energy source is 

introduced on a large scale.  

Technological 

 Scientists are exploring new ways to remove and store carbon from the atmosphere using 

innovative technologies. Researchers are also starting to look beyond removal of carbon dioxide 

and are now looking at more ways it can be used as a resource.  

Graphene production: The use of carbon dioxide as a raw material to produce graphene, a 

technological material. Graphene is used to create screens for smart phones and other tech 

devices. Graphene production is limited to specific industries but is an example of how carbon 

dioxide can be used as a resource and a solution in reducing emissions from the atmosphere.  

Direct air capture (DAC): A means by which to capture carbon directly from the air using 

advanced technology plants. However, this process is energy intensive and expensive, 

ranging from $500-$800 per ton of carbon removed. While the techniques such as direct air 

capture can be effective, they are still too costly to implement on a mass scale.  

Engineered molecules: Scientists are engineering molecules that can change shape by 

creating new kinds of compounds capable of singling out and capturing carbon dioxide from the 

air. The engineered molecules act as a filter, only attracting the element it was engineered to 

seek.  
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Sequestration Facts  

 

The Future of Carbon Sequestration 

Scientists are exploring new ways to remove and store carbon from the atmosphere using 

innovative technologies. Researchers are also starting to look beyond removal of carbon dioxide 

and are now looking at more ways it can be used as a resource.  

 

Graphene production: The use of carbon dioxide as a raw material to produce graphene, a 

technological material. Graphene is used to create screens for smart phones and other tech 

devices. Graphene production is limited to specific industries but is an example of how carbon 

dioxide can be used as a resource and a solution in reducing emissions from the atmosphere.  

Impacts of Carbon Sequestration  

• About 25% of our carbon emissions have historically been captured by Earth’s forests, 

farms and grasslands. Scientists and land managers are working to keep landscapes 

vegetated and soil hydrated for plants to grow and sequester carbon.  

• As much as 30% of the carbon dioxide we emit from burning fossils fuels is absorbed by 

the upper layer of the ocean. But this raises the water’s acidity, and ocean acidification 

makes it harder for marine animals to build their shells. Scientists and the fishing 

industry are taking proactive steps to monitor the changes from carbon sequestration 

and adapt fishing practices.  
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1.1 Introduction  

Atlantic Canada comprises the provinces of New Brunswick (N.B.), Nova Scotia (N.S.) and 

Prince Edward Island (P.E.I.) (collectively referred to as the Maritimes), as well as 

Newfoundland and Labrador (N.L.). Situated on the east coast of the country, Atlantic Canada 

spans three different climate regions that include cool humid-continental, sub-Arctic and Arctic 

tundra (Vasseur and Catto, 2008) and consists of regions and communities that differ in many 

ways, including population densities, natural resources, key industries and cultures. With 

approximately 42,000 km of coastline (Lemmen and Warren, 2016), Atlantic Canada is 

characterized by diverse coastal systems including sandy beaches, estuaries, intertidal flats, 

salt marshes, cobble beaches, cliffs, bluffs, rock shores and more (van Proosdij et al., 2016). 

This chapter does not include Nunatsiavut in Newfoundland and Labrador, as this region is 

discussed in the Northern Canada chapter. 

1.1.2 Economy 

Key industries in Atlantic Canada include agriculture, fisheries and aquaculture, forestry, 

tourism, marine transportation, shipbuilding, information technology, mining, oil and gas, 

renewable energy, manufacturing, aerospace and bioscience (Nova Scotia Business Inc., 2020; 

Government of Newfoundland and Labrador, 2017; Government of Prince Edward Island, 

2016). Some of these sectors may experience new opportunities from climate change—for 

example, higher temperatures can lead to longer tourism and growing seasons. Negative 

climate change impacts, however, are expected to predominate, particularly in sectors that are 

sensitive to projected changes in climate due to their reliance on natural resources and marine 

and coastal infrastructure, such as fisheries, aquaculture, agriculture, forestry, transportation 

and offshore oil and gas (Vasseur and Catto, 2008) 

1.5 Forestry, agriculture and fisheries are vulnerable to climate change  

Atlantic Canada’s natural resource industries are vulnerable to the impacts of climate 

change. While examples of adaptation are found in each sector―forestry, agriculture, fisheries 

and aquaculture―there remains a lack of collaboration amongst stakeholders to reduce 

risks from climate change. 

Foresters, farmers and fishers are interested in understanding the projected climate changes in 

the short, medium, and long terms to improve their planning and decision making. The 

challenges presented by climate change for Atlantic Canada’s natural resource industries are 

numerous, but also divergent among the different resource sectors of forestry, agriculture, 

fisheries and others. 

1.5.1 Introduction 

Atlantic Canada’s natural resource industries play a crucial role for the region’s economies, and 

are vulnerable to the impacts of climate change. The forestry, agriculture and fisheries sectors 
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have made progress on adaptation, and benefited from collaborations between multiple levels of 

government, practitioners and communities (e.g., Nova Scotia Federation of Agriculture, 2020; 

Halofsky et al., 2018; Steenberg et al., 2011). Natural resource industries are also considering 

potential opportunities (e.g., longer growing season, harvesting of newly arrived species), in 

parallel with negative impacts (e.g., invasive species). A commonality amongst the various natural 

resource sectors is a strong need for research, monitoring and education, as well as a need for 

increased progress on action. Rigorous monitoring programs are central to climate change 

adaptation across all sectors in order to reduce uncertainty and inform the development of new 

policies and regulations. 

1.5.2 Forests  

The changing climate will have significant impacts on Atlantic Canada’s forests (see Figure 

1.15; Taylor et al., 2017), with implications for the forest sector, as well as natural areas, 

including urban forests. Short-term concerns include increases in natural disturbances, such as 

storm events and pest outbreaks, increased fire risks and invasions by non-native species 

(MacLean et al., 2021; Taylor et al., 2020). In the longer term, warmer temperatures will lead to 

shifts in the ranges of tree species. As important species in the region (such as Red Spruce, 

Black Spruce and Balsam Fir) are projected to decline in growth or abundance (Steenberg et 

al., 2013a), there will be significant socioeconomic impacts in the forest sector and in forest-

dependent communities, including many Indigenous communities. Without action, these impacts 

could lead to a reduction in timber supply, employment, traditional Indigenous wood products, 

recreation, aesthetics and other ecosystem services (Ochuodho et al., 2012; see also 

Ecosystem Services chapter of the National Issues Report). Proactively adapting to these 

changes helps protect against losses, and also has the potential to generate benefits through 

new and enhanced wood products and services (Halofsky et al., 2018; Steenberg et al., 2011). 

Planned and proactive adaptation is important for the forest sector, in part because of the long 

time horizons of the sector. Adaptation to date has focused primarily on research and planning 

to integrate the effects of climate change on forest ecosystem dynamics into modelling used for 

planning and policy development.  
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Figure 1.15: Managed Acadian forests in Nova Scotia. Photo courtesy of Jane Kent, Nova Scotia 

Department of Lands and Forestry. 

Regional integrated assessments have emerged as a key planning tool for Atlantic Canada’s 

forestry sector. The Maritime Regional Integrated Assessment (MaRIA), which began in 2017, 

involves provincial governments and forestry industries working together to assess forest 

vulnerability and integrate climate change considerations into forest management planning 

frameworks, with an emphasis on forest modelling tools (Taylor, 2021). As part of MaRIA, in 

New Brunswick, growth and yield curves that were developed using climate change scenarios 

are being used to project future wood supply (Steenberg, 2021). Additionally, a climate-change-

dependent forest succession model will be developed that can be used in the provincial forest 

planning model to predict the forest regeneration response after harvests. The outcomes 

support the integration of climate change into the provincial five-year forest management 

planning cycle. Nova Scotia is similarly developing new protocols to integrate both forest carbon 

and climate change impacts into its strategic and landscape-level forest modelling and 

management planning (Steenberg, 2020), while Newfoundland and Labrador has supported 

similar research (Searls et al., 2021). More recently, the Nova Scotia Department of Lands and 

Forestry, in collaboration with Nova Scotia Environment and Climate Change, initiated the 

Climate Adaptation Leadership Program (CALP). The purpose of this program is to develop a 

climate change adaptation strategy for the province’s Department of Lands and Forestry, with 

funding from the Province and from Natural Resources Canada through the Building Regional 

Adaptation Capacity and Expertise (BRACE) program (Natural Resources Canada, 2021). 

Other examples of forest management adaptation include intermediate silviculture treatments, 

like precommercial thinning to favour species expected to flourish through a changing climate 
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(Thiffault et al., 2021) and adjusting urban forest management to reflect climate change impacts 

(see Case Story 1.10). Assisted species migration and diversification offer yet another approach 

to adaptation being used in the forestry sector, which includes provenance trials, the planting of 

genetically improved seedlings, and restoration silviculture (Halofsky et al., 2018). 

Case Story 1.10: Halifax’s Urban Forest Master Plan  

A healthy and vibrant urban forest can alleviate some climate change impacts—such as 

urban heat islands and increased stormwater runoff—by directly shading buildings and 

infrastructure, lowering ambient  

temperature, removing water from the soil, and slowing stormwater flow and decreasing 

runoff (Duinker et al., 2015; see also the Ecosystems Services and Cities and Towns 

chapters of the National Issues Report). A desire to maximize these and other beneficial 

ecosystem services in Halifax has led to many improvements in the urban forest 

management. 

Halifax Regional Municipality’s urban forester and municipal planners worked with 

Dalhousie University researchers to develop the city’s first Urban Forest Master Plan 

(UFMP), which was adopted by Regional Council in 2012. Using adaptive management 

to address the uncertainty of climate change is a core principle of the UFMP (Steenberg 

et al., 2013b). The UFMP prescribes an increased rate of tree planting to ensure that this 

outpaces tree mortality, and also recommends a transition from reactive tree 

maintenance to a proactive pruning program. Since 2013, over 8,800 trees have been 

planted on municipal property, an initiative that can be directly attributed to the UFMP 

(Foster and Duinker, 2017; Steenberg et al., 2013b). Planting prescriptions included 

measures to increase species diversity and build resilience to climate change. The 

cyclical pruning program is intended to promote tree health and to prevent conflicts with 

infrastructure, ensuring a healthier urban tree canopy. 

The Halifax experience of urban forest management highlights the importance of 

partnerships between researchers, municipal staff, and citizens, from the time of 

inception of a project. Public consultations informed the UFMP, and it was clear from 

these that most people want more trees in the city. This support allowed the municipality 

to increase spending on the urban forest, which is an important contributor to increasing 

climate resilience. 

1.5.3 Agriculture 

The net impact of climate change on agriculture in Atlantic Canada will be determined by the 

balance between opportunities and challenges (Ochuodho and Lantz, 2015). In a project called 

AgriRisk (Nova Scotia Federation of Agriculture, 2020), the opportunities identified included an 

extended growing season and the ability to grow higher-value crops, while the challenges 

included the risks associated with a greater frequency of extreme events, damage to crops 

and/or infrastructure, uncertainty in global markets, and potential changes in pest spectrum and 
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incidence of disease. In Nova Scotia, a diverse group of researchers through the Nova Scotia 

Federation of Agriculture (NSFA) carried out a risk assessment focused on the wine grape 

industry. The goal was to “integrate and make use of the best available data sets and key 

variables associated with risks along the grape and wine value chain to help contribute to 

achieving the outcome of a risk-aware grape and wine industry.” The project developed models 

and interactive climate tools to help users explore current and future climate conditions in the 

province (Nova Scotia Federation of Agriculture, 2020). 

For agriculture, adaptation approaches at the farm level (see Figure 1.16) have focused mainly 

on reducing non-climatic stressors through management practices. For example, farmers are 

planting cover crops, changing crop rotation and altering tillage practices to make the soil less 

vulnerable to erosion (Russell, 2018). Producer decisions are supported by the Alternative Land 

Use Services (ALUS) Program in Prince Edward Island (ALUS Canada, 2020). The program 

provides financial incentives to farmers for projects that support sustainable agriculture 

practices. For example, farmers are compensated for each acre of land used to create soil 

conservation structures like grassed waterways, terraces or berms. Other farm management 

adaptation options include flood control, shifting crop varieties, soil management, pest 

management, artificial cooling in livestock buildings (Arnold and Fenech, 2017; Wall and Smit, 

2005), crop diversification and enhancing biodiversity for resilience (Wall and Smit, 2005); 

 
Figure 1.16: Agriculture operations on Prince Edward Island. Photos courtesy of Don Jardine. 

1.5.4 Fisheries 

The vulnerability of fisheries to climate change is a major socioeconomic and ecological concern 

in Atlantic Canada, and the need for investment in adaptation has been well identified 

(Hutchings et al., 2012; Rice and Garcia, 2011). Many rural and coastal communities are highly 

dependent on fisheries. Given the scale and complexity of marine systems, climate change 

impacts are highly uncertain and potentially severe (see Sector Impacts and Adaptation chapter 

of the National Issues Report). Examples of important indicators of marine climate change 

include rising sea levels, increased ocean temperatures, hypoxia and acidification (Greenan et 

al., 2019), all of which affect marine ecosystems and fish stocks. Climate change can also 

increase sedimentation, which can result in fish habitat degradation and population declines 



 

 

148 
 

(Bernier et al., 2018). More extreme weather also presents technical and safety issues for 

fishery fleets (Rezaee et al., 2016). In 2017, a lack of available food for right whales in the Bay 

of Fundy may have contributed to their relocation into the Gulf of St. Lawrence, where the 

interaction of whales with fixed-gear fisheries led to a significant number of whale deaths, and 

resulted in the development of gear that is less detrimental to whales (Murison, 2017).  

Changes to marine biodiversity present socioeconomic risks for those directly and indirectly 

connected to the fisheries sector (see Figure 1.17). For example, in the Outer Bay of Fundy, 

water temperatures have affected the hydrodynamics of ocean currents competing to enter the 

Bay of Fundy, resulting in an influx of warm Gulf Stream water (Drinkwater et al., 2003). This 

extreme change in temperature interacts with pH changes and more frequent heavy rainfall 

events, resulting in severe cumulative impacts on marine biodiversity (Bernier et al., 2018).  

Impacts on fisheries infrastructure are another area of concern, with severe storm events 

placing a tremendous burden on the wharves that the fisheries depend on. Adaptation efforts in 

the fisheries sector on Grand Manan Island, New Brunswick, for instance, were informed by 

assessments of future needs under different climate change scenarios (Signer et al., 2014). 

Improvements to key fisheries infrastructure will help ensure that they can withstand future 

storm events.  

 
Figure 1.17: Lobster fishing traps in the Gulf of St. Lawrence. Photos courtesy of Don Jardine. 

1.5.5 Aquaculture 

The marine stages of aquaculture production face a number of challenges related to climate 

change, including temperatures that approach or exceed the upper thermal limit of species, low 

water oxygen levels (hypoxia), acidification, more frequent and severe storms, and algal blooms 

(Reid et al., 2019a, b). 

The primary finfish reared in the Atlantic region is the Atlantic salmon (Salmo salar), and several 

academic/ industry research partnerships are addressing challenges from climate change to 

help the industry to adapt over the next few decades. These include the following: Modules J 

and K of the Ocean Frontier Institute (“Improving Sustainability and Mitigating the Challenges of 

Aquaculture” and “Novel Sensors for Fish Health and Welfare,” respectively), the “Mitigating the 

Impact of Climate-Related Challenges on Atlantic Salmon Aquaculture (MICCSA)” project, the 

“Addressing the Challenges Faced by Atlantic Salmon at Cold Temperatures” project, and the 
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newly funded Atlantic Salmon Gill Health initiative. The “Mitigating the Impact of Climate-

Related Challenges on Atlantic Salmon Aquaculture” (MICCSA) project involves several 

universities, the Huntsman Marine Science Centre, and industry partners including the Centre 

for Aquaculture Technology Canada, Somru Biosciences and AquaBounty, Canada. To date, 

this large project has defined the upper thermal tolerance of Atlantic salmon of the Saint John 

River stock (Gamperl et al., 2020; Leeuwis et al., 2019), examined the effects of elevated 

temperature and hypoxia on salmon production (Gamperl et al., 2020), examined pathogen-host 

interactions as affected by temperature (Zanuzzo et al., 2020), and directly measured Atlantic 

salmon behavior, distribution and physiology during summer sea-cage conditions (Gamperl et 

al., 2021). Further, the MICCSA research team is currently working on identifying genetic 

markers that will allow for the selection of broodstock with enhanced resistance to disease, sea 

lice and temperature (Beemelmanns et al. 2021a, b and 2020). The Ocean Frontier Institute has 

also funded projects at Memorial University (Model J.2) and Dalhousie University (Module K) 

that are advancing knowledge of how salmon and their populations are affected by adverse 

environmental conditions (Zanuzzo, 2022; Gerber et al., 2021, 2020; Stockwell et al., 2021). 

The industry is also exploring technological improvements to increase the depths of their sea 

cages, in compliance with ISO standards (International Organization for Standardization, 2015) 

to help ensure that these structures can withstand major storms, which are increasing in 

intensity as a result of climate change. 

The primary molluscan aquaculture species in Atlantic Canada are blue mussels and Eastern 

oysters, which comprise approximately 35% of all Atlantic Canadian farmed organisms 

(Statistics Canada, 2021).The impacts of climate change on primary and secondary production 

have been investigated since the 1990s, and the general consensus is that infrastructure, 

primary productivity, seed supply, feeding physiology and carrying capacity are changing rapidly 

in Atlantic Canada and in many coastal regions (e.g., Reid et al. 2019a, b; Foster et al., in 

preparation). There has been an increase in disease and pest prevalence, an extension of the 

range of predators, and increasing challenges related to invasive organisms (Best et al., 2017, 

2014; Lowen et al., 2016). Recent research has indicated that ocean acidification is affecting 

natural food supply dynamics, thereby affecting shellfish productivity at the larval and post-larval 

stages (Kong et al., 2019; Clements et al., 2018; Clements and Hunt, 2017; Clements and 

Chopin, 2016). 

In the aquaculture sector, ocean dynamics, ice cover and changes in seasonal patterns of food 

supply are being addressed through the adoption of newer green technology by producers, and 

by using equipment that is storm resistant, well-engineered, better sited, and better suited to 

withstand the changing coastal conditions in summer and winter (International Organization for 

Standardization, 2020; Government of Newfoundland and Labrador, 2019). Hatchery production 

of the main cultivated mollusks (oysters, mussels) has been developed as a risk mitigation 

measure against spurious natural seed supplies and as a way of selecting strains that will 

perform better under changing conditions. For instance, three molluscan shellfish hatcheries 

have been constructed since 2018 in Atlantic Canada―two oyster hatcheries (Bideford Shellfish 

Hatchery, Prince Edward Island, and Maison BeauSoleil Oyster Hatchery in Neguac, New 

Brunswick), and one mussel hatchery and nursery in Borden, Prince Edward Island Atlantic 

Canadian shellfish hatcheries are being employed to reduce dependence on variable natural 
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seed recruitment by producing a more reliable seed source that can grow under the warming 

climate (Guo et al., 2009). Finally, the use of algae, mollusks and echinoderms in reducing both 

the impacts of marine finfish farming and climate change is beginning to come to the forefront in 

Atlantic Canada, across Canada and globally (Clements and Chopin, 2016).
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Climate Change: Impacts on Forests 

 

Adaptation 

 

How exactly is the climate forecast to change, and what could that mean for Canada’s forests 

and forest management? 

Canada is working to answer these questions in order to help the forest sector and society in 

general adapt to changing climate conditions. Today, forest managers must consider a range of 

possible future climates—those involving, for example, altered growing seasons, more insect 

infestations, more wildland fires and greater permafrost melting. 

An important first step is to identify social, economic and environmental vulnerabilities to 

changing forest conditions. The next important step is to plan ways to reduce the impact of 

those vulnerabilities. 

For example, projected increases in drought, fire, windstorms, and insect and disease outbreaks 

are expected to result in greater tree mortality. Fewer trees will reduce Canada’s timber supply, 

which in turn will affect the economic competitiveness of Canada’s forest industry. This would 

leave forestry-dependent communities vulnerable to job losses, closure of forestry processing 

facilities and an overall economic slump. 

New thinking to deal with new conditions 

Forest managers have traditionally assumed that the climate conditions of previous decades 

would be the conditions of future decades. Now, with more knowledge about climate and its 

patterns of change, forest managers are shifting their thinking. 

Adaptation will mean taking action to minimize the negative effects of change. Yet at the same 

time some changes (such as longer growing seasons or moister weather patterns) may in fact 

offer new opportunities for the forest sector. Adaptation will therefore also be mean taking 

advantage of the positive impacts brought about by climate change. 

The challenge of uncertainty 

Many uncertainties exist about how, and to what extent, climate change will affect Canada’s 

forests. This makes planning adaptation efforts a challenging exercise. 

Dealing effectively with uncertainty requires having: 

• the use of new tools and techniques for decision-making, such as scenario-planning 

exercises  
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• a good knowledge of the forest  

• an understanding of risks  

• the flexibility to adjust to changes 

Risk management is a proven technique for identifying potential problems and then developing 

ways to: (1) reduce or avoid them; and (2) where they are unavoidable, respond to them to 

reduce negative outcomes. 

In forestry, this means setting management objectives that recognize that the forests of the 

future will be different from those of today. By identifying the risks associated with these new 

conditions, forest planners and managers can then focus on finding ways to reduce or optimize 

the impact of those risks. 

Support for adaptation from all parties 

The Canadian Council of Forest Ministers (CCFM) has identified climate change adaptation as a 

priority for the forest sector. Many parties are working to support this priority: 

• Forest scientists and forest practitioners across the country are assessing adaptation 

needs and adaptation options. 

• The federal, provincial and territorial governments are collaborating in creating a range 

of products to help forest managers begin taking adaptation action. 

• Provincial and territorial governments are developing approaches to addressing climate 

change, supporting climate research and raising awareness of the need for adaptation. 

• Forest companies are beginning to address issues related to climate change in their 

management plans. 

Practical tools aid adaptation strategies 

Tools to analyze forest vulnerabilities  

Forest scientists are developing a range of tools for assessing and managing climate-related 

risks and adaptation options. For example: 

• Canadian Forest Service (CFS) researchers have developed a new software tool, 

BioSIM, which can predict stages in insect development during the growing season. 

BioSim has been used to predict how climate change might affect the risk of mountain 

pine beetle infestations in western Canada. 

• CFS scientists have updated Canada’s plant hardiness zones using recent climate data. 

The new map produced shows changes in the hardiness zones consistent with climate 

change. 

• In partnership with provinces, the CFS is developing frameworks, guidebooks and tools 

to help forest management practitioners: better understand their readiness to adapt; and 

identify sources of vulnerability to sustainable forest management. 

Tools to help forests and the forest sector adapt  

Work is underway on several fronts to find ways to help forest stands adapt to new climatic 

conditions and disturbance regimes. For example: 

http://www.ccfm.org/english/index.asp
http://www.ccfm.org/english/index.asp
https://www.nrcan.gc.ca/our-natural-resources/forests/wildland-fires-insects-disturbances/top-forest-insects-and-diseases-canada/mountain-pine-beetle/13381
https://www.nrcan.gc.ca/our-natural-resources/forests/wildland-fires-insects-disturbances/top-forest-insects-and-diseases-canada/mountain-pine-beetle/13381
http://planthardiness.gc.ca/
http://planthardiness.gc.ca/
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• Researchers are looking at ways to reduce forests’ vulnerability to fire and insect 

damage. 

• Industry is exploring new markets for beetle-killed wood.  

• Some forest companies have started using high-flotation tires to navigate wet areas, 

allowing them to extend their operating season. 

Tools to inform forest management decision-making  

Scientists are incorporating the data they have on changes in climate conditions into research 

and planning tools. This gives forest managers better information with which to make decisions. 

For example: 

• Seedwhere is a geographic information system (GIS) tool that can guide planting and 

seeding decisions for forest regeneration. It can also help forest managers decide where 

to collect seeds and how far those seeds can be moved. 

Looking to the long term 

Forest managers need to include climate change considerations in long term planning if Canada 

is to maintain a competitive position in world markets. This means enhancing our ability to 

assess climate effects and identifying ways to adapt forests to ensure a healthy ecosystem and 

sustained supply of fibre. 

Involving everyone in adaptation efforts—government, industry, academia, the public—will be 

the most effective approach. Good communication and information exchange will help 

Canadians address shared problems and pool resources to solve them. 

  

http://cfs.nrcan.gc.ca/publications/?id=20952&lang=en_CA
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Canada’s Partnership with Indigenous Peoples on Climate 

Supporting Indigenous climate leadership 

First Nations, Inuit, and Métis peoples have been at the forefront of the impacts of climate 

change. Many Indigenous leaders have reinforced the need to take action to reduce pollution, to 

adapt to the impacts of climate change, and to improve the ways in which the natural 

environment is respected and protected. In doing so, Indigenous leadership and knowledge is 

critical to achieving the foundational changes required to address climate change. 

To help support Indigenous peoples advance their climate priorities and adapt to the changing 

climate, the Government of Canada is committed to renewed nation-to-nation, Inuit-to-Crown 

and government-to-government relationships with First Nations, Inuit, and Métis peoples, based 

on the recognition of rights, respect, cooperation, and partnership. The Government of Canada 

also supports without qualification the United Nations Declaration on the Rights of Indigenous 

Peoples, including free, prior and informed consent. Supporting self-determined climate action is 

critical to advancing Canada’s reconciliation with Indigenous peoples. 

Canada’s strengthened climate plan, A Healthy Environment and a Healthy Economy, builds on 

the foundational principles of Indigenous climate leadership, including: 

• Recognizing the unique realities, needs, and priorities of Indigenous peoples across and 

within distinctions; 

• Respecting and promoting self-determination; 

• Advancing early and meaningful engagement; 

• Incorporating inclusiveness-by-design principles in all of its climate actions; 

• Advancing co-development and other collaborative approaches to find solutions; 

• Creating a space for Indigenous voices across and within distinctions; 

• Positioning Indigenous peoples to have a say at governance tables; and, 

• Supporting Indigenous approaches and ways of doing, by acknowledging traditional, 

local, and Indigenous Knowledge systems as an equal part in policy development, 

programs, and decision-making. 

Since the launch of the Pan-Canadian Framework on Clean Growth and Climate Change, the 

Government of Canada provided over $900 million in investments to support Indigenous-led 

projects on adaptation planning, food security, clean energy, health, infrastructure, climate 

monitoring, and more. 

Climate action funding for Indigenous Peoples 

The Government of Canada announced more than $1.3 billion in climate action funding targeted 

to Indigenous peoples through Canada’s strengthened climate plan, A Healthy Environment and 

a Healthy Economy, and additional investments through Budget 2021. This includes measures 

to: 

https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-overview/healthy-environment-healthy-economy.html
https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html
https://www.budget.gc.ca/2021/home-accueil-en.html
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• Support First Nations and Inuit as they manage the health impacts of climate change, 

such as the impacts of extreme weather events, and mental health impacts on youth 

($22.7 million over five years); 

• Improve food security in the north, including in Inuit Nunangat ($163.4 million over 3 

years); 

• Help transition rural, remote and Indigenous communities from diesel to clean energy 

($376.4 million over 5 years); 

• Support greener and more resilient infrastructure, including for large-scale adaptation or 

mitigation projects ($290 million over 12 years); and, 

• Protect biodiversity through the creation of Indigenous Protected and Conserved Areas 

and partnerships to restore and enhance wetlands, peatlands, grasslands and 

agricultural lands to boost carbon sequestration (portion of $2.3 billion over 5 years for 

conservation, portion of $3.16 billion over 10 years for nature-based solutions, portion of 

$631 million over 10 years for nature-based carbon sequestration). 

Distinctions-based senior bilateral tables on clean growth and climate change 

In 2016, the federal government committed to strengthening its collaboration with Indigenous 

Peoples as partners in climate action. Following joint commitments made by the Prime Minister 

and the National Leaders of the Assembly of First Nations, Inuit Tapiriit Kanatami and the Métis 

National Council, the federal government established three distinctions-based senior bilateral 

tables. These tables are based on the recognition of rights, co-operation, and partnership. They 

help foster a collaborative approach to ongoing engagement with Indigenous Peoples, and help 

support Indigenous climate leadership. 

Additional information on the creation of the Senior Bilateral Tables on Clean Growth and 

Climate Change can be found on the Process Document for Ongoing Engagement on the Pan-

Canadian Framework on Clean Growth and Climate Change. 

First Nations-Canada partnership 

The First Nations-Canada Joint Committee on Climate Action (JCCA) was established in fall 

2017. Since then, Assembly of First Nations representatives from across Canada and federal 

officials from various departments meet to discuss climate change priorities and collaborate on 

climate policy. The JCCA continues to explore opportunities for First Nations to meaningfully 

participate in the transition to a clean growth economy as climate leaders. 

In August 2021, the JCCA released its third annual report to the Prime Minister and the National 

Chief of the Assembly of First Nations. The JCCA’s annual report documents the positive steps 

taken towards reconciliation and forging a stronger climate partnership in 2020. This report 

highlights the Joint Committee’s work in 2020 across five key areas: 

• Ensuring First Nations’ full and effective participation in federal clean growth and climate 

change programs. 

• Empowering First Nations leadership in emerging opportunities for climate action. 

• Enabling the meaningful participation of First Nations in the carbon pollution pricing 

system. 

• Developing First Nations–specific indicators and criteria to report on the implementation 

of climate-related federal funding programs and outcomes for First Nations. 

https://pm.gc.ca/en/news/backgrounders/2016/12/09/process-document-ongoing-engagement-pan-canadian-framework-clean
https://pm.gc.ca/en/news/backgrounders/2016/12/09/process-document-ongoing-engagement-pan-canadian-framework-clean
https://www.canada.ca/en/environment-climate-change/news/2021/08/joint-committee-on-climate-action-annual-report-highlights-first-nations-leadership-in-addressing-climate-change.html


 

 

195 
 

• Fostering intergenerational dialogue on climate change. 

Inuit-Canada partnership 

The Inuit-Canada Table on Clean Growth and Climate Change was created in 2017 to provide a 

forum for representatives from Inuit Tapiriit Kanatami, Regional Land Claims Organizations and 

federal officials from various departments to discuss and advance joint climate priorities. Since 

then, the Inuit Tapiriit Kanatami has shifted its focus to the National Inuit Climate Change 

Strategy (NICCS) that advances Inuit-determined actions to strengthen the sustainability and 

resilience of Inuit Nunangat in the face of a rapidly changing climate and landscape. 

To support Inuit knowledge and leadership for successful climate action, the Government of 

Canada provided $1 million in summer 2019 to implement the NICCS. This support will help 

advance Inuit-led activities and initiatives under the following NICCS priority areas: 

• Advance Inuit capacity and knowledge in climate decision-making; 

• Improve Inuit and environmental health and wellness; 

• Improve food security; 

• Close the infrastructure gap with climate resilient new builds, retrofits, and Inuit 

adaptation to changing natural infrastructure; and 

• Support regional and community driven energy solutions leading to Inuit energy 

independence. 

Métis-Canada partnership 

Since 2017, the Métis Nation-Canada Joint Table on Clean Growth and Climate Change 

members have built relationships and shared information on joint policy development, and 

identified Métis-specific considerations for designing federal programs and delivering funding. 

Federal departments are working with the Métis Nation to adjust programs and policies under 

Canada’s climate plan. This includes advancing Métis climate change and related health 

priorities, and shaping community-based climate monitoring initiatives. In 2020, the Métis Nation 

identified the following priorities to advance Métis Nation climate leadership: 

• Capacity-building; 

• Collecting Métis traditional knowledge; 

• Conducting research & collecting data to guide Métis policy; 

• Education and training opportunities in climate change: 

• Environmental stewardship and nature-based solutions; 

• Emergency management and disaster-risk mitigation; 

• Climate change and health; 

• Transportation, and; 

• Renewable energy and energy-efficiency retrofits 
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