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Key Messages
Climate change is severely impacting northern landscapes and
ecosystems (see section 6.2)
Climate change is producing severe, and in many cases irreversible, changes to northern landscapes
and ecosystems. Northerners are trying to understand the limits of ecosystem resilience and our capacity to
adapt to these changes.

Health impacts are intensifying and amplifying inequities in the North
(see section 6.3)
Climate change is negatively impacting the health of Northerners, amplifying existing inequities and access
to healthcare. Locally appropriate, culturally relevant resources and programming, co-created by local
communities in partnership with other organizations, are critical to support climate-sensitive physical and
mental health outcomes.

Safe travel in the North is threatened by climate change (see section 6.4)
Climate change is increasing risks to safe travel in the North, but drawing from different types of knowledge
is helping to reduce these risks.

Northerners are leaders and innovators in climate change adaptation
(see section 6.5)
Innovative approaches to governance, policy and development are addressing social inequities and opening
pathways for collaborative and inclusive climate change adaptation.

Recognizing inherent capacity is key to building climate resilience
(see section 6.6)
Organizations and individuals that recognize and embrace the inherent capacity of northern communities to
adapt are key players in the pursuit of climate resilience.
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Preface: A message about urgency from the
Coordinating Lead Author
Together, the authors and advisors who helped craft this chapter represent decades of lived experience in
Canada’s North. I would not have been able to complete this chapter without their thoughtful guidance. We
are in their debt for the support that they provided.
As the key messages in this chapter demonstrate, northern adaptation to climate change impacts is a lively
and complex topic. However, some important messages are not easily conveyed; foremost amongst these is
the urgency for action on so many fronts.
I am alarmed by the changes that we are witnessing here, and cannot adequately express the need for
urgent action. Northerners are indeed taking action to adapt and are determined to continue doing so. Still,
this chapter underscores that building resilience in the North means much more than anticipating the future
and changing an existing or planned course of action. Addressing urgent societal issues―such as housing
shortages, education, food security and culturally appropriate health and wellness―is deeply intertwined with
efforts to build resilience to climate change. I have heard it stated, “How can you worry about climate change
when you’re hungry?”
At the same time, I fear that adaptation efforts will encounter unmovable limits. The magnitude of projections
for temperature increase, sea-level rise, and ice and permafrost loss for the next century will force us to
consider the unthinkable―for example, abandoning homes and traditional territories, moratoria on harvesting
traditional foods, and travelling exclusively by air rather than on land or sea. Currently, many of these
“solutions” are almost taboo―they are too difficult to consider, but they represent possibilities in the coming
decades. Northern Indigenous cultures have shown intense resilience over centuries. Holistic knowledge
passed through traditional and cultural practices will continue to ensure a level of cultural well-being, but climate
change has joined stressors such as social inequity, the legacies of colonialism and environmental issues only
partially related to climate change (such as northern contaminants) as a continual and pervasive threat.
The North will be unable to adapt alone. Paying for the costs of climate change is everyone’s responsibility;
they cannot be borne solely by Northerners. Similarly, there is an urgent need to improve access to the
knowledge, solutions, innovation and creativity of Canadian and international experts who are willing to work
alongside us as equal partners. I urge Canadians to use the key messages in this chapter to compel urgent
adaptation action, but I also call for bold conversations that acknowledge social inequity and the limits of
adaptation.
Our North depends on it.

Bronwyn Hancock, PhD
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6.1 Introduction
In a region where much of society is deeply tied to the natural environment, changes to the land have the
potential to deeply impact the people who live there and who depend upon the land. Many Northerners report
that their livelihoods, culture, relationships with the land, and mental health and well-being are being impacted
by environmental changes (Kuzyk and Candlish, 2019; Meredith et al., 2019; Bell and Brown, 2018; Stern and
Gaden, 2015; Berry et al., 2014), including climate change (see Figure 6.1). While the adaptive capacity of
Northerners, especially Indigenous Northerners, has allowed them to be resilient to change for generations
(Pfeifer, 2020), the pace of change to which we must adapt has accelerated and is outpacing existing
adaptive capacity (Ford et al., 2014).

Figure 6.1: Interactive regional map of Northern Canada that draws from climatedata.ca and visualizes various
climate variables from 1980 to under three different emissions scenarios: RCP 2.6 (low), RCP 4.5 (medium) and
RCP 8.5 (high). Source: climatedata.ca
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Canada’s status as an Arctic nation elevates the importance of understanding climate change impacts and
adaptation. In its report identifying the top climate risks facing Canada, the Council of Canadian Academies
identified climate risks to northern communities as being among the top risks for the country (Council of
Canadian Academies, 2019). Meanwhile, the development of the Arctic and Northern Policy Framework
demonstrates Canada’s emphasis on the North as an area of policy focus (Crown Indigenous Relations and
Northern Affairs Canada, 2019).
In addition to climate change, the impacts of colonialism and power differentials in Canadian governance
and society affect the capacity of Northerners to adapt to change (Council of Canadian Academies, 2019).
Indigenous and non-Indigenous Northerners are working within both historical and contemporary treaties,
as well as outside of treaties, to overcome this history and to build community resilience. Efforts to support
reconciliation guide the decision making of many northern academic institutions and governments (e.g.,
Wong et al., 2020). In many cases, hunting programs for youth, on-the-land camps, community-centered
infrastructure projects and other measures move northern societies towards reconciliation. These measures
also improve relationships between community members and strengthen connection to culture, thereby
building climate resilience, but such outcomes are rarely direct goals of the activities implemented.
The lived experience of Northerners and the knowledge held over generations as a result of that lived
experience, including Indigenous Knowledge and local knowledge, feature prominently in this chapter and
are the basis upon which adaptive capacity is built (see Box 6.1). While there is regional nuance in the
messages conveyed in Box 6.1, the sentiments expressed are common throughout the North. This chapter
has attempted to include a diverse range of knowledge, while recognizing that further work in this regard is
a necessity, and acknowledging that the scientific framing of this report is not entirely compatible with the
holistic and applied intentions expressed below.

Box 6.1: Excerpt from “Inuit, namiipita? Climate Change Research and
Policy: Beyond Canada’s Diversity and Equity Problem”
“Why, in spite of so much research and policy focus on climate change in the Arctic, are we, Inuit, still
consultants or fillers in an otherwise Western-driven enterprise to “monitor” climate developments in Inuit
Nunangat? The in-situ capacity that Inuit have developed over millennia to observe, analyze, apply and
adapt to the changing northern environment is overlooked in the scientific race to research and document
environmental transformations taking place in our homelands. We need to turn to a pragmatic approach in
the climate change fight―one that starts locally and it presupposes challenging ongoing policy concerns
with how to “validate” Inuit knowledge and science. This involves stepping out of the traditional research
paradigm and instead directing substantive resources towards the inclusion of Inuit as fully-fledged, distinct
researchers and decision-makers.
Inuit are part of the northern ecosystem; thus, a perspective is needed that speaks to the interdisciplinary and
holistic nature of Qaujimajatuqangit (Inuit traditional knowledge) and way of being of people in this part of
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the world. Given that the Inuit are at the centre of the looming environmental crisis, they should also be at the
center of the way forward, for everybody's sake.
To be fair, there are attempts to incorporate Indigenous epistemologies and methodologies in research,
including university-driven community research projects. By and large though, the lead stays outside of the
Arctic, with Inuit merely being consulted on research areas that mainly relate to community development or,
at best, being called on to contribute what has been called “traditional ecological knowledge” where research
gaps exist.
Inuit participation in climate change and other environmental assessment processes will result in increased
applied research capacity, sustainable northern economic development as per Inuit Qaujimajatuqangit
approaches and an opportunity for our community members to feel re-empowered to reclaim their role as
the original stewards and guardians of Sila (a spiritual power related to weather), bestowed on us by Anirnirq
(Great Spirit) and passed on through our Innait (elders) and atarniit (ancestors).
Arctic warming is certainly a hot topic. For the Inuit in particular, it is a burning issue, as it concerns our
homelands, and yet we are left out of the national and global climate change conversation. Gathering
evidence to inform policymaking in support of slowing down climate change fits into to a northern research
and policy capacity-building paradigm that many of us in the south are used to. The urgency of Arctic change
compels an alternative applied and solution-focused paradigm. The capacity is there, but it is a distinct,
Inuit-specific capacity; the evidence is there, but it has been gathered and documented in a way that has not
historically sat well with the exclusive understanding of science that drives evidence-based policymaking. If
we, as a society, are to understand and design pragmatic solutions to climate change, the Inuit need to be
at the forefront of the research and decision-making process. Their homelands are most affected, and so
are they as a people. Their capacity and evidence does not need to be legitimized, but rather to be seen as a
unique asset in approaching climate change in an integrated, applied, holistic manner―one that would mark a
different way of investing research resources and of thinking through the complexity of the Arctic ecosystem:
land, water, animals, and people. Inuit, namiipita (where are you)?”
Source: Pfeifer, 2020, 265‒269.

The history of Indigenous-northern settler relations is a critical factor in understanding adaptive capacity in
the North, and does not follow a simple timeline. In the Eastern Arctic, contact between Inuit and settlers
goes back to the 1500s (Inuit Tapiriit Kanatami, 2004). Even before oppressive policies were introduced,
settlers introduced viruses, at times intentionally, and overharvested key species. These actions ravaged
many Indigenous populations in this early contact period (Truth and Reconciliation Commission of
Canada, 2015a; Inuit Tapiriit Kanatami, 2004). By contrast, contact between Yukon First Nations and settler
populations happened much later, after oppressive policies and the Indian Act were entrenched elsewhere in
early-Confederation Canada. Throughout the North, Christian religious bodies and the Northwest Mounted
Police (later the Royal Canadian Mounted Police) played a prominent role in deploying and implementing
policies with the explicit intention of eradicating traditional practices and assimilating Indigenous people into
“Western” ways (Coates, 2020).
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Northern Indigenous voices were almost entirely absent from any policy development until well into the 1970s
(Truth and Reconciliation Commission of Canada, 2015a; 2015b). Instrumental work accomplished during
this time period included the James Bay and Northern Quebec Agreement (James Bay Northern Quebec
Agreement, 1975), Together Today for Our Children Tomorrow (Yukon Native Brotherhood, 1973), The Dene
Declaration (Indian Brotherhood of Northwest Territories, 1975) and the Mackenzie Valley Pipeline Inquiry
(Berger, 1976). Since this time, Indigenous populations have been able to begin influencing the policies that
had been so detrimental to their People, but this still required Indigenous leaders to largely adopt Western
governance approaches. Decades also elapsed before the practice of taking Indigenous people from their
homes to attend residential schools was ended in 1996 (Reimer et al., 2010). The first Indigenous Self
Governments began to form in the early 1990s (Government of Canada, 1995), but they are not universal
among northern Indigenous populations today.
It cannot be understated how deeply past and present-day settler policies have harmed Indigenous
Northerners (Truth and Reconciliation Commission of Canada, 2015a; 2015b). This reality is present in every
conversation, regardless of the specific subject matter. As such, it is exceedingly difficult to situate how
climate change impacts and adaptation actions relate to other issues and priorities. Nonetheless, climate
change is clearly a priority. Changes already observed are alarming to both Indigenous and non-Indigenous
Northerners, and the projected pace and magnitude of anticipated change pose daunting challenges for all
of us. Indigenous Knowledge approaches clearly demonstrate that strictly applying a reductionist “Western
science” worldview is unlikely to lead to lasting solutions being adopted by northern communities
(e.g., Council of Yukon First Nations and Assembly of First Nations, 2019; Inuit Tapiriit Kanatami, 2019a).
Applying Indigenous worldviews allows us to move beyond linear “cause-and-effect” thinking towards more
holistic approaches to building community resilience. This is the northern reality.
Within the context described above, this chapter was developed by a northern organization, featuring
contributions made primarily by northern authors across Canada. This approach provides those living and
working in the North with the opportunity to identify and write about climate change impacts and adaptation
as they are being perceived, lived, studied and experienced in northern Canada. Contributing authors brought
a range of knowledge types and areas of expertise, and have experience in the diverse environments in which
we live, and the issues with which we live.
Like other chapters in this report, the Northern Canada chapter uses a “Key Messages” approach. The
development of the key messages and the identification of the contributing authors and case stories featured
in the chapter were guided by an advisory committee through an iterative, consensus-based approach. The
advisory committee was made up of Northerners from across the Territorial North, Inuit Nunangat and
northern Manitoba. Like our contributing authors, this chapter’s advisors are diverse in their expertise and
lived experience, and they worked together to identify issues relevant across our northern home. The broad,
engaged approach used to develop this chapter reflects the existing collaborative spirit that is required
in order to understand and respond to the impacts of climate change in Canada’s North. The advisory
committee met five times―four times virtually, and once in person―to create a long list of topic areas, and
then to refine this to a manageable list of draft key messages. This was followed by an effort to recruit
authors (ideally who live in the North, and are able to incorporate Indigenous perspectives into their writing).
The Coordinating Lead Author and supporting team at Yukon University edited and revised the content, with
further contributions from the authors, in order to complete this chapter. The result is a chapter that does
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not cover all northern climate change adaptation topics, but rather attempts to capture what our advisors
consider, based on their experience and expert opinion, to be high priorities for the North.
The key messages in this chapter range from biophysical impacts—including novel disturbances and
accelerated rates of change—to impacts on people and culture, through an exploration of holistic health and
wellness, public health and safety, and capacity and innovation. These key messages are intended to illustrate
the connection between northern society and cultures, and changes to northern landscapes. The complexity
of types and degrees of connection to the land and sea, cascading impacts, and appropriate adaptation
responses increase with each key message. Rather than attempt to provide an exhaustive list of impacts and
adaptations associated with the key messages presented here, we have used examples and case stories to
illustrate the central themes of each key message.

6.1.1 What is “North”?
The question of how to apply a definition of “North” to our country is a long-standing one (Graham, 1990);
as a result, many definitions exist and for numerous different applications (see Figure 6.2). For example, the
southern limit of discontinuous permafrost, or the northern limit of the treeline, have been used to delineate
“North”. Various indices of nordicity (e.g., Hamelin, 1979; Burns et al., 1975) have been developed to inform
policy, while territorial or settlement region boundaries have been used to reflect jurisdictional governance
(e.g., Inuit Nunangat, the Inuit homeland in Canada; (Inuit Tapiriit Kanatami, 2019b)). In Canada’s Changing
Climate Report, “the North” is used to refer to the three territories (i.e., the Northwest Territories, Yukon and
Nunavut), while “northern Canada” is used to refer to the region north of latitude 60˚ (Bush and Lemmen, 2019).
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Figure 6.2: Interactive map illustrating different definitions of “North”. Data source: Courtesy of Stephanie Saal,
Yukon University.

This chapter takes the approach that “North” is defined by identity; therefore, the key messages presented
in this chapter are relevant to those living both inside and outside of more typical definitions of “North.” For
example, Indigenous Peoples with traditional territories that extend south of territorial borders may identify
with key messages presented in this chapter, as may the residents of Inuit Nunangat or remote communities
south of 60°N latitude, such as Churchill, Manitoba. A people-oriented definition of “North” allows this chapter
to explore the societal impacts of climate change and adaptation responses, and includes those who selfidentify as Northerners.
While great diversity exists across Canada’s northern region, some commonalities are shared. The North is
dotted with small communities, many of which are only accessible by air, sea or winter road, including all
communities in Nunavut, Nunavik and Nunatsiavut. While the population of northern Canada is low (Statistics
Canada, 2017), populations across the North are growing faster than other parts of Canada. The primary
driver in the eastern region of the North is natural growth (where there is a young population with growing
families), while migration becomes a larger driver in the western region of the North (Statistics Canada,
2018). Many residents live in urban centres within each region, and the proportion of the population made up
of Indigenous Peoples generally increases from west to east across northern Canada (see Table 6.1).
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Table 6.1: Population of Northern Canadian communities

REGION/
TERRITORY

PROPORTION OF
POPULATION SELFIDENTIFYING AS
INDIGENOUS

URBAN CENTRE

PERCENTAGE OF
POPULATION WITHIN THE
URBAN CENTRE

Yukon

20%

Whitehorse

70%

Northwest
Territories

51%

Yellowknife

49.5%

Nunavut

85%

Iqaluit

20%

Nunavik

90%

Kuuijuaq

20%

Nunatsiavut

90%

Nain

44%

Source: Statistics Canada, 2018, 2017.

Communities in northern Canada have a mix of land-based and wage-based economies. Land-based activities
are often associated with subsistence activities and cultural practices, while wage-based economies are
often associated with resource development and governance. The knowledge economy of Canada’s North
is also growing, as a result of post-secondary education, innovation and entrepreneurship. Throughout
Northern Canada, there is expanding local access to post-secondary education, including the launch of Yukon
University in May 2020, the transition of Aurora College towards being a polytechnic university, the strategic
partnership between Nunavut Arctic College and Memorial University, and the creation of the Labrador
Campus of Memorial University. Investment in infrastructure for post-secondary education in Yukon and
innovative programming such as the Dechinta Centre for Research and Learning in Northwest Territories form
a part of Canada’s financial support for the North (Government of Canada, 2021; 2019a). Inuit Tapiriit Kanatami
(ITK), the national representational organization formed to protect and advance the rights and interests of
Inuit in Canada, also identified the establishment of a university in Inuit Nunangat as a core component of its
National Strategy on Inuit Education (Inuit Tapiriit Kanatami, 2017; 2011).
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6.2 Climate change is severely impacting
northern landscapes and ecosystems
Climate change is producing severe, and in many cases irreversible, changes to northern landscapes
and ecosystems.
Climate change impacts include changing snow and ice conditions, shrubs invading the tundra, shifts in species
distribution, increased extreme weather events, and changing disturbance regimes, such as pests and wildfires
that are impacting northern ecosystems in unpredictable ways. Northerners are trying to understand the limits
of ecosystem resilience and our capacity to adapt to these changes.

6.2.1 Impacts on the cryosphere
Permafrost, glaciers, snow, and lake and sea ice form the literal and figurative foundation for habitat and
human society throughout the North. Changes to seasonal and long-term melt or thaw cycles in any part
of the cryosphere―frozen elements of our environment, including ice, snow and permafrost―can trigger a
cascade of changes in soil or aquatic ecosystem structure, biological productivity and geomorphology that
make ecological, economic and social systems vulnerable to long-term and sometimes irreversible changes.

6.2.1.1 Permafrost
Canada’s Changing Climate Report (Bush and Lemmen, 2019) documented increases in ground temperature
and active layer thickness in all monitoring sites across the North. Temperature trends show that the
temperature of cold permafrost (i.e., below -2˚C) in High Arctic locations (which includes most of Canada’s
northern Arctic Archipelago) has increased more rapidly than the temperature of warm permafrost
(i.e., above -2˚C) in locations such as the Central Mackenzie Valley (see Table 6.2; Derksen et al., 2019). These
differences are due, in part, to the fact that air temperature increases and changing precipitation patterns are
reflected more quickly in ground temperature records at higher latitudes, compared to in warm permafrost
at lower latitudes, where there is often a mix of liquid and frozen water. A large amount of the energy from
increased air temperatures goes into melting solid ice to liquid water without there being a measurable change
in the ground temperature (Derksen et al., 2019). There is no established process for measuring (Oldenborger
and LeBlanc, 2018) or modelling (Nicolsky and Romanovsky, 2018) liquid water content in warm permafrost; this
means that large, unmeasured changes in surface conditions can be taking place even when there is a limited
trend in permafrost temperature or active layer thickness. Pan-northern permafrost modelling approaches rely
on remotely sensed data and are steadily improving as new mapping and vegetation products become available
(Melton et al., 2019), although challenges remain with regard to how these models represent permafrost
processes. In addition, many adaptation actions―particularly those relating to community infrastructure―
require site-specific characterization of ground-thermal regime, excess ice content, and surficial geology, even
in a context of a more detailed synoptic understanding of permafrost changes (Canadian Standards Association
Group, 2019). There is a continued need for methodological improvements to characterize permafrost, and data
consolidation efforts are being made to maximize use of the limited data.
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Table 6.2: Changes in permafrost temperature for selected sites across
northern Canada

INCREASE PER DECADE (℃)
REGION

SITES
ENTIRE RECORD

Central Mackenzie
Valley

SINCE 2000

Norman Wells, Wrigley

Up to 0.1

< 0.1 to 0.2

Northern Mackenzie

Norris Ck, KC-07

NA

0.5 to 0.9

Baffin Island

Pond, Arctic Bay,
Pangnirtung

NA

0.5 to 0.7

High Arctic

Resolute, Eureka

NA

0.4 to 0.7

Alert

0.5 (15 m), 0.3 to
0.4 (24 m)

1.2 (15 m), 0.7 to
0.9 (24 m)

Akulivik, Salluit,
Quaqtaq, Puvirnituq,
Tasiujaq, Umiujaq
(11‒20 m)

0.7 to 1.0

0.5 to 0.9

High Arctic

Northern Quebec
(Nunavik)

Source: Table 5.1 from Derksen et al., 2019.
Thawing permafrost in Canada’s North, particularly in the discontinuous and sporadic permafrost zones
(see Figure 6.3), is causing subsidence and uneven landscapes. Spring melt of accumulated snowpack
contributes a large portion of the total amount of water within most northern drainage basins. Permafrost,
particularly in the continuous permafrost zone, can prevent this water from entering groundwater systems,
allowing it to flow overland and to accumulate in lakes, rivers, wetlands and muskeg (Prowse et al., 2006).
In permafrost lowlands, soil thawing has led to rapid drainage of lakes or wetlands, with consequences for
downstream drainage and wildlife habitat (Carpino et al., 2018; Lantz, 2017; Lantz and Turner, 2015) with
potential implications for communities in these regions.

R E G I O N A L P E R S P E CT I V E S R E P O RT
16

R E G I O N A L P E R S P E CT I V E S R E P O RT
17

Figure 6.3: This figure highlights the associations between modelled and observed ground ice abundance in
the top five meters of permafrost in Northern Canada. It includes photographs from 31 sites across Canada's
permafrost regions, illustrating the range of permafrost landscapes and thermokarst–topographic depressions
created as a result of thawing ground ice–terrains associated with different ground ice types and abundance.
The different ground ice types referred to in the figure include: segregated (i.e., relatively thin and discrete ice
lenses or layers that form due to annual downward migration of water), relict (i.e., larger bodies or layers of ice
preserved in permafrost by persistent cold-climate conditions) and wedge (i.e., ice that develops when low winter
temperatures cause the ground to contract under stress and crack). Source: Adapted from Wolfe et al., 2021.

Permafrost is known to contain contaminants such as heavy metals. As permafrost thaws, these
contaminants are being released into groundwater, lakes and rivers, and then can be ingested or absorbed by
animals (Miner et al., 2021), impacting the health of these animals and the people who harvest them
(see Section 6.2.2; Furgal and Prowse, 2008; Warren et al., 2005; Wrona et al., 2005). Access to clean water is
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also affected by permafrost thaw—partly by increased contaminants, and also by increased sedimentation as
permafrost-rich riverbanks erode more quickly (Anisimov, 2007).
The ability to predict rates of thaw is limited due to the lack of available data and an incomplete
understanding of the underlying processes (Holloway and Lewkowicz, 2019). Some maps provide a broad
overview of expected or actual permafrost conditions (O’Neill et al., 2019; Bonnaventure et al., 2012;
Heginbottom et al., 1995), but are of limited utility for decision making at a local scale. In contrast, sitespecific studies (e.g., Calmels et al., 2015) and hazard maps (see Figure 6.4) are useful at a local level, but
are not available for all northern communities (Calmels et al., 2016; Allard and L’Hérault, 2010). Research
networks, such as Arctic Development and Adaptation to Permafrost in Transition (Arctic Development and
Adaptation to Permafrost in Transition, n.d.) and PermafrostNet (Brown et al., 2020), are working with local
experts to add to the knowledge base and to develop standard data collection protocols for both local and
pan-northern scales (see Section 6.5.4).

Figure 6.4: Landscape geohazard map for Salluit, Nunavik, summarizing permafrost thaw hazards at the local
level. This map was used to inform planning and development in the community and at its airport.
Source: Adapted from Allard et al., 2020.
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6.2.1.2 Glaciers
Canada’s glaciers in Nunavut, Northwest Territories, Yukon, British Columbia and Alberta (see Figure 6.3) are
rapidly losing mass due to climate change, and this trend is projected to continue (Bush and Lemmen, 2019).
Canada’s Arctic glaciers will likely persist for several centuries (Huss and Hock, 2018; Bliss et al., 2014; Radić
and Hock, 2014); however, Canada’s western sub-Arctic glaciers are expected to be gone by the end of this
century (Clarke et al., 2015).
Glaciers are important to culture and feature in oral traditions as sentient and responsive elements of the
socio-biophysical system (Cruikshank, 2007). The impacts of melting glaciers due to climate change are
being felt throughout river basins in northern Canada. Changing streamflow affects downstream ecosystems
as well as Northerners who depend on lake and river systems for subsistence. Glaciers in the Canadian Arctic
are poised to become the leading contributor to sea-level rise among all glacierized regions (outside of the
Greenland and Antarctic ice sheets) by the end of the century (Hock et al., 2019; Radić and Hock, 2014).
Calving and the retreat of high Arctic glaciers have resulted in some fjords being free of floating glacier tongues
for the first time in over 3,000 years (Sharp et al., 2014). Melting glaciers bring uncertainty about the future
availability of fresh water, and the impacts on downstream hydroelectric power generation in the Yukon, and on
flooding frequency and magnitude throughout glacierized basins in the North (Derksen et al., 2019).

6.2.1.3 Sea ice
Decreases in sea ice thickness and cover (Derksen et al., 2019; Meredith et al., 2019; Meier et al., 2014) have
impacted Arctic and marine ecosystems (Arctic Monitoring and Assessment Programme, 2017). The most
pronounced physical changes include a 40% decrease in fall sea ice extent and concentration in the last 20
years (Niemi et al., 2019), and a loss of sea ice volume coupled with a dramatic decrease in multi-year sea ice
(Perovich et al., 2019; Kwok, 2018). Spring sea ice extent and concentration remain relatively stable, but this ice
is thin and young, which is very different from what was present in previous decades (Perovich et al., 2019).

6.2.2 Impacts on marine ecosystems
In natural systems, the impacts of sea ice and glacier melt affect the environmental conditions for many
species (Bhatia et al., 2021; Niemi et al., 2019). In addition to the direct impacts of the loss of sea ice as a
platform for habitats, climate change is having indirect impacts on environmental stressors such as coastal
erosion and slumping (the downward movement of rock debris) (Couture et al., 2018), ocean acidity (Niemi
et al., 2019; Qi et al., 2017) and productivity (Bhatia et al., 2021). Understanding of ecosystem responses
to these stressors has rapidly developed—aided significantly by collaboration among Indigenous and nonIndigenous knowledge holders (Williams et al., 2020). There is increasing evidence to indicate a mix of
positive, negative impacts, as well as non-impacts on species (see Figure 6.5). In addition, there is significant
sub-regional complexity in marine ecosystem response highlighting the connectivity to physical and biologic
systems that are still not fully understood (Niemi et al., 2019).
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Overall, the increased ice-free season has supported more primary productivity as light is able to penetrate
the water column for a longer period of time (Renaut et al. 2018). However, there is evidence that lack of
nutrients limits primary productivity at some locations (Blais et al, 2017, Bergeron and Tremblay, 2014). Some
species are resilient to shifts in timing of phytoplankton blooms, and have an ability to shift to other food
sources or to spend more time feeding in ocean waters. For example, Arctic char, Greenland halibut, seals and
beluga are able to shift to consuming prey such as capelin that are, in turn, consuming phytoplankton rather
than sea ice algae (Yurkowski et al. 2018). The impact of these changes in diet continues to be an active area
of study. Switching to other prey that may not offer the same level of nutrients may compromise health, while
expending additional energy searching for new prey or diving to deeper depths may be problematic (Choy
et al., 2019, 2020, Loseto et al., 2018).
Indigenous Knowledge and community-based observations have contributed to an improved intra-annual
and interannual understanding of Arctic marine systems, particularly in near-shore coastal environments.
For example, collaborative studies have identified hotspots of productivity, have helped to demonstrate the
importance of transition zones between water bodies for key species such as Arctic cod, and have led to
further research into species such as Pacific salmon entering the Beaufort Sea, and orcas entering many Arctic
waters (Niemi et al., 2019). Still, there are many uncertainties regarding the impacts of climate change on
commercial and subsistence harvests (see Figure 6.5), requiring ongoing research to address knowledge gaps.

Figure 6.5: Climate change impacts and trends in several key species that are harvested for subsistence or
commercial purposes in the North. Source: Department of Fisheries and Oceans Canada, 2019a.
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The creation of Tuvaijuittuq Marine Protected Area along the northern coast of Ellesmere Island is expected
to help provide habitat protection in the summer for numerous ice-dependent species, including polar bear,
walrus and seals (Newton et al., 2021; Department of Fisheries and Oceans Canada, 2019b). The oldest,
thickest ice remaining in the Arctic is found in this region, and this is expected to be the last ice area as
climate change impacts continue. This marine protected area also represents a significant achievement in
terms of embracing collaborative management, with co-governance shared among Indigenous, Territorial and
Federal authorities (Department of Fisheries and Oceans Canada, 2019b).

6.2.3 Impacts on vegetation
In addition to physical changes in landscapes due to permafrost thaw, warmer or drier conditions are are
leading to an increase in disturbance agents, including forest pests and wildfire. Along the boreal forest-tundra
ecotone (the transition area between two plant communities), forest insects are now able to survive warmer
winters, resulting in a range of impacts. For example, in 2015, the spruce budworm (Choristoneura fumiferana)
caused unprecedented spruce defoliation in the Mackenzie Delta (Olesinski and Brett, 2015). Canada's
northwest boreal forest has seen increased fire frequency and severity (Meredith et al., 2019, Natural Resources
Canada 2017), with wildfires increasing due to climate change and other stressors (see the Sector Impacts and
Adaptation chapter of the National Issues Report; Coogan et al., 2019). The area burned and the number of large
fires in northern Canada have increased over the last half-century (Hanes et al., 2018). Wildfires are projected
to increase in frequency and severity, and to become more widespread across Canada, including in the North
(Coogan et al., 2020; Coogan et al., 2019; Hu et al., 2015). How these changes impact local and regional
vegetation is a function of ecosystem resistance, resilience and vulnerability (see Box 6.2).

Box 6.2: Ecosystem resistance, resilience and vulnerability
Ecological systems are dynamic and change over time, often in response to disturbances. For example, a
wetland may become flooded temporarily due to heavy spring rainfall, or it may become drier when thawing
permafrost allows increased drainage through formerly frozen soil. Alternatively, if soils remain dry for a
long period after a fire, a wetland could become a completely different system. Such disturbances happen at
large and small scales in virtually all ecosystems. The responses to these changes will depend on both the
ability of the ecosystem to remain the same when disturbed (resistance) and the ability of the ecosystem to
respond to change, absorb damage and recover quickly (resilience). Northern ecosystems are most resilient
to disturbances and environmental conditions within the historic range of variability and previous adaptation
(see Figure 6.6a; Johnstone et al., 2016; Seidl et al., 2016; Keane et al., 2009). Resilient ecosystems may
respond quickly or slowly; the key element is the ability of the system to recover its essential structure or
function following a disturbance or change (Holling, 1973). If collapse is triggered by disturbance, there may be
a chaotic period followed by eventual re-establishment of the previous state, or a new pathway may emerge in
response to the many “chance” circumstances during the chaotic period (see Figure 6.6b; Holling, 2011).
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Figure 6.6: Conceptual representation of an ecosystem (portrayed by a black ball) within a theoretical landscape
of alternative ecosystem states (portrayed by valleys separated by peaks). a) The ecosystem is resilient to
disturbances lying within the historical range of variability and previous adaptation, indicated by disturbances
that may move the system, but not cause it to shift to another state. b) The ecosystem is likely to shift to a
different state in response to hypothesized mechanisms that move the ecosystem beyond its historical range
of variability and previous adaptation, and trigger a shift to a different ecosystem state. Source: Adapted from
Johnstone et al., 2016.

Climate change is directly impacting vegetation, with substantial areas of tundra and northern boreal forest
in northern and eastern Canada showing increased vegetation productivity (see Figure 6.7; Keenan and Riley,
2018; Sulla-Menashe et al., 2018; Ju and Masek, 2016). Local knowledge and Indigenous Knowledge, remote
sensing and scientific monitoring indicate that much of the greening of the tundra is due to expansion of
woody shrubs (shrubification), such as alder and tall willows, in areas that formerly supported vegetation of
much lower stature (Dän Keyi Renewable Resources Council, 2019; Myers-Smith et al., 2019; 2011; Lantz et
al., 2013;). Shrubification is causing a shift from tundra to shrubland that will not be reversed without a return
to previous climate conditions (Mekonnen et al., 2021); this is one of the largest manifestations of change
observed widely across northern Canada (Tremblay et al., 2012; Fraser et al., 2011, Hill and Henry, 2011;
Myers-Smith et al., 2011; Thorpe et al., 2002).
Disturbances such as wildfire and insect infestations are influenced by many factors, which interact with
climate to cause changes to northern ecosystems (Johnstone et al., 2016). Many ecosystems may be
initially resistant to change, given that feedbacks associated with long-lived vegetation help to maintain
environmental conditions and ecological functions that support ecological stability even when the climate is
changing (Chapin et al., 2004). However, when vegetation is killed or reduced through a disturbance, these
feedbacks are disrupted and rapid change can occur (see Figure 6.6). For example, stand-replacing wildfires
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initiate new phases of forest regeneration where seedlings may be much more sensitive to climate conditions
than in an established stand where canopy trees substantially alter the local microclimate (Baltzer et al.,
2021; Davis et al., 2019; Johnstone et al., 2010). Climate change will also directly affect the type and severity
of disturbances that occur, since factors such as fire behaviour, insect pest biology and permafrost thaw are
all sensitive to changes in seasonal weather conditions (Turetsky et al., 2017).

Figure 6.7: Landsat-based maps showing greenness trends through the use of the Normalized Difference
Vegetation Index (NDVI), which estimates the density of greenery in an area using the difference between visible
and near-infrared reflectance of vegetation. Where there were not enough valid observations to derive greenness
trends, all thematic layers were set to “no data.” Letters A to H represent ground validation sites. Source: Adapted
from Ju and Masek, 2016.

In contrast to the tundra, much of the boreal forest shows little change in vegetation greenness with
regionalized areas of declining productivity (see Figure 6.7, Ju and Masek, 2016; Goetz et al., 2005). In some
cases, “browning” trends in the boreal forest reflect the impacts of disturbances such as logging and wildfires
(Bonney et al., 2018). However, in the northern parts of the boreal forest, there is evidence from tree rings that
warming may cause increased drought stress and reduced tree growth (Walker et al., 2015).
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6.2.4 Impacts on terrestrial animals
The frequency of extreme weather events, including anomalous warming events during the winter and during
rain-on-snow events, has increased across the Arctic (Cohen et al., 2015). Rain-on-snow events cause an
impenetrable layer of ice over the ground, which can lead to starvation and population crashes for ungulates
(hooved animals) across the Arctic, such as the death of 20,000 muskoxen on Banks Island in 2003 (Rennert
et al., 2009).
Currently, many of Canada’s caribou populations are in decline due to habitat disturbance. Increasingly,
climate change is acting to magnify the disruption of habitat, particularly for woodland caribou (Stewart et al.,
2020; Mallory and Boyce, 2017; Gunn et al., 2009). Migratory herds of barren-ground caribou vary substantially
in their responses to climate change and habitat disturbance, with most showing negative responses due to
difficulty foraging during winter following tundra fire or rain-on-snow events (Schmelzer et al., 2020; Lewis et
al., 2019) and some showing positive effects due to increased reproduction success during warmer spring,
and improved body condition following warmer winters (Gagnon et al., 2020; Mallory and Boyce, 2017;
Wheeler et al., 2017; Gunn et al., 2009). Impacts on caribou are not always gradual, with catastrophic
die-off events being associated with extreme precipitation (e.g., rain-on-snow) (Miller and Gunn, 2003). Such
observed impacts likely represent the beginning of substantial reorganization of ecological communities
in the North in response to climate change (Reid et al., 2013; Post et al., 2009). Traditional caribou harvest
practices are severely impacted when caribou migratory routes shift away from historical locations (Douglas
et al. 2014). While management practices have evolved to better include Indigenous perspectives, decisions
regarding caribou harvest and habitat remain an important, and often contentious, policy issue (Vuntut
Gwitchin Government, 2020; The Committee on the Status of Endangered Wildlife in Canada, 2017; Cuerrier
and the Elders of Kangiqsualujjuaq, 2012).
In some habitats in the central Canadian Arctic, vegetation productivity has increased (see Figure 6.7),
although this is not occurring in other habitat types (Rickbeil et al., 2018). Although caribou may benefit
in some years from increased vegetation productivity (Mallory et al., 2018), earlier greening of vegetation
associated with earlier starts to spring weather, may decrease the quality of forage available to animals
during key reproductive periods (Barboza et al., 2018; Post and Stenseth, 1999).
Climate change has created the conditions for new species to inhabit northern Canada, primarily by
expanding their northern ranges (Chen et al., 2011). Some newcomer species are responding to new habitat
resulting from shrubification of the tundra (Myers-Smith et al., 2011). These include the American Robin
(Turdus migratorius) and Wilson’s Warbler (Cardellina pusilla), which have expanded their breeding range
northward by 100 to 350 km in northern Labrador (Whitaker, 2017), as well as the North American beaver
(Castor canadensis), which has been colonizing the treeless tundra on the Beaufort Coastal Plain in parts of
the Yukon and Alaska (Tape et al., 2018; Jung et al., 2016).
In Nunavik, Indigenous Knowledge indicates that beavers have been moving further north, blocking rivers that
Arctic char depend on for reproduction (Inuit Circumpolar Council, 2018). Because there is limited Indigenous
Knowledge about beaver harvesting in the area, local trappers and hunters are being forced to learn new
techniques to manage beaver, and are unsure of the impact that beavers are having on Arctic char (Shah et
al., 2018). Workshops, surveys and interviews indicate widespread Indigenous observation of new wildlife,
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birds, insects and fish entering regions, as well as an in-depth understanding of the health of existing species
(Knotsch and Lamouche, 2010; Nickels et al., 2005; Krupnik and Jolly, 2002).
New assemblages of species result in novel interactions. It is expected that southern migrants will displace
some northern species, particularly those experiencing a range retraction due to diminishing cold habitat
(Marcot et al., 2015). Some new species will have more impact than others—for example, beavers are a
keystone species and significantly reshape landscape hydrology by building dams. The resulting ponds can
increase the thawing of permafrost, thus enhancing the impacts of climatic warming (Tape et al., 2018).

6.2.5 Cascading impacts
New forms of disturbance can induce positive feedbacks that amplify warming and other climate-induced
impacts. For example, following a wildfire, ground-cover changes locally amplify warming temperatures,
contributing to shrubification of the tundra and permafrost thaw, while also releasing carbon that contributes
to additional warming (Jones et al., 2015; Lantz et al., 2013). Negative feedbacks also occur. For example,
moisture availability is higher in warm spring conditions, but can produce precipitation in the form of snow,
thus increasing albedo and slowing melt (Fletcher et al., 2012; Qu and Hall, 2007). Furthermore, a cascade of
disturbances can occur whereby one novel disturbance creates the conditions for another novel disturbance.
For instance, increased moisture and humidity across the Northwest Territories in 2017–2018 may have
increased pathogens in forests of the Northwest Territories (Olesinki and Brett, 2018).
The impacts of both new and existing disturbances may compromise ecosystem resilience (Johnstone
et al., 2016). For instance, wildfires that burn under typical conditions are unlikely to severely disrupt the
natural cycles of forest succession, as most boreal tree species have adapted to ensure regeneration after
fire. However, increased fire activity may cause stands to burn at young ages before trees are old enough
to generate seeds. Such events, especially when they occur in combination with unusually dry or warm
years, can trigger regeneration failures and cause shifts to non-forested states (Whitman et al., 2019,
2018). While tundra systems may be less vulnerable to disturbance-induced changes, large fires do occur in
tundra environments (Mack et al., 2011), and increased fire activity may result if temperatures cross climate
thresholds that have regulated fire activity in the past (Young et al., 2017).
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6.3 Health impacts are intensifying and
amplifying inequities in the North
Climate change is negatively impacting the health of Northerners, amplifying existing inequities and
access to healthcare.
Not all climate change impacts on health are direct. Physical health impacts include disrupted access to
country foods, increased exposure to contaminants and wildfire smoke, and increased travel hazards. Mental
health challenges arise from changing land access, disruptions to cultural activities and knowledge sharing
opportunities, shifting place-based identities, and loss of important species, plants, or ecosystems. Locally
appropriate, culturally relevant resources and programming, co-created by local communities in partnership
with other organizations, are critical to support climate-sensitive physical and mental health outcomes. Such
resources and programs must include connection to place and promote increased time on the land to enhance
wellness and decrease the strain on limited healthcare resources.

6.3.1 Introduction
In northern Canada, people often live in close proximity to their environment, relying on the land to support
their livelihoods, well-being and, particularly in Indigenous contexts, their culture and identity (Richmond and
Ross, 2009; Kirmayer et al., 2008). This means that even subtle alterations in climate and the environment
can disrupt peoples’ lives and connection to place, ultimately affecting their mental and emotional health.
Rising temperatures, decreased sea ice extent and stability, disruptions to food and water resources, and
changes to wildlife and plants are impacting livelihoods, cultural practices and knowledge sharing.
Northerners are also concerned about physical health impacts related to the release of naturally occurring
contaminants from the melting cryosphere and from increased exposure to wildfire smoke. While the body of
literature related to the actual risks for northern Canadians is limited, the perception of risk is high.

6.3.2 Mental health
Mental health is a major public health and health system priority in northern Canada, particularly among
Indigenous Peoples, who face significant health disparities and have limited access to mental health services
(see the Climate Change and Indigenous Peoples' Health in Canada chapter of the Health of Canadians
in a Changing Climate Report). The sources of mental health challenges are complex, stemming from
intergenerational trauma triggered by forced relocation, land dispossession and residential schools (Inuit
Tapiriit Kanatami, 2016; Cunsolo Willox et al., 2014; Kirmayer et al., 2008), as well as inequities in accessing
culturally safe care.
Climate change has emerged as an additional direct and indirect stressor on mental health (Clayton et al.
2017; Cunsolo Willox et al., 2013a, b, 2012). For example, increasingly unpredictable weather conditions,
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combined with sea ice loss and other climate change impacts across northern Canada and Inuit Nunangat,
are compounding and exacerbating existing mental health challenges for Indigenous Northerners. This is
creating new mental health stressors by diminishing the ability of Indigenous Northerners to safely engage
in land-based activities and maintain connections to their ancestral lands and cultures (Durkalec et al., 2015;
Harper et al., 2015; Healey, 2015; Petrasek MacDonald et al., 2015; Cunsolo Willox et al., 2013a, b; Petrasek
MacDonald et al., 2013). These disruptions to beloved lands, waters, plants and animals are having diverse
emotional and mental impacts, as several Inuit-led and community-driven studies have identified (see Case
Story 6.1).

Case Story 6.1: Attutauniujuk Nunami/Lament for the Land Documentary
Attutauniujuk Nunami/Lament for the Land originated out of a community-based, community-led initiative to
examine connections between climate change and Inuit mental health in Nunatsiavut (the Inuit Mental Health
and Adaptation to Climate Change project). It represents a joint partnership of the five Inuit communities
of Nunatsiavut, with coordination in each of the five regions provided by a local research coordinator. A
total of 120 interviews conducted with community members and health professionals resulted in a film that
highlights the voices of Inuit in Nunatsiavut as they describe the impacts of climate on mental health, and
associated adaptations (Cunsolo Willox et al., 2013c). Attutauniujuk Nunami/Lament for the Land highlights
the ways in which people and place are intimately connected, and the grief and sadness, as well as the hope
and strength that emerge in times of change.
Learn more by seeing Lament for the Land, 2022.

Decreased time on the land due to changing environmental and weather conditions has been linked to
strong emotional reactions such as: anger, fear and sadness; interpersonal distress; possible increased
drug and alcohol use; triggering and magnification of previous traumas; potential for increased risk of
suicide; challenges to people’s identities rooted in place; and a greater burden on healthcare staff for
mental health needs during times of limited mobility and reduced land access (Middleton et al. 2020a,
b; Bunce et al., 2016; Durkalec et al., 2015; Harper et al., 2015; Ostapchuk et al., 2015; Wolf et al., 2015;
Cunsolo Willox et al., 2013a, b; Petrasek MacDonald et al., 2013; Cunsolo Willox et al., 2012). For example,
health workers in Rigolet, Nunatsiavut, report that the stress of not being able to be on the land carries
over to the familial environment, resonates through the community, and anecdotally results in increased
substance use (Cunsolo Willox et al., 2013b).
Reduced opportunities for sharing skills and knowledge, and for subsistence harvesting and subsequent
food sharing, are also impacting the social bonds and cohesion within communities (Bunce et al., 2016;
Cunsolo Willox et al., 2013b; Pufall et al., 2011). Current and anticipated environmental loss due to climate
change is eliciting strong emotional responses. These include: stress, distress and despair (Ellis and
Albrecht, 2017; Harper et al., 2015; Ostapchuk et al., 2015; Cunsolo Willox et al. 2013a, b; Cunsolo Willox et
al., 2012); solastalgia (emotional and existential stress connected to changing or disrupted environments and
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connections to place) (Albrecht, 2012); and ecological anxiety and ecological grief (i.e., grief and anxiety in
response to physical ecological loss, disruptions to knowledge and cultural systems, and shifting place-based
identities (Cunsolo et al., 2020; Cunsolo and Ellis, 2018).
Climate-sensitive mental health impacts require specific and multi-faceted responses to match the diverse
psychosocial impacts that are occurring. Such responses may also have co-benefits for other mental health
stressors. When support is provided to enhance mental healthcare resources for northern communities,
this helps to ensure that residents have access to appropriate therapy and counselling, while education
and training for healthcare staff and patients would raise awareness of the mental health impacts resulting
from climate change, such as ecological grief (Cunsolo et al. 2020; Middleton et al. 2020b; Cunsolo and Ellis,
2018; Clayton et al., 2017). To address the broader socio-environmental determinants of mental health, many
mental health adaptations need to take place outside of the formal healthcare setting. This may include, but
is not limited to, community programming that facilitates social cohesion and connection to culture, and
provides individuals and communities with a sense of self-efficacy, and opportunities for meaningful action
to reclaim their stories in a changing climate (Clayton et al., 2017). Where possible, programming can aim
to maintain and enhance peoples’ connection to place (Clayton et al., 2017), while also having mental health
resources that are not dependent on land or weather conditions, such as climate-resilient culture camps, and
thus can be accessed outside of challenges imposed by climate change (Cunsolo Willox et al., 2013b).

6.3.3 Food insecurity
Food insecurity risks for Arctic peoples are increasing as a result of climate change impacts, which are
compounded by the impacts of development and economic structures (Meredith et al., 2019). Canada’s
highest rates of food insecurity are all in the North, with recent studies identifying a regional prevalence
of household food insecurity that ranges from 16.9% in the Yukon (Tarasuk and Mitchell, 2020) to 59.5%
in Nunatsiavut (Furgal et al., 2017). All dimensions of food insecurity—availability, access, quality, use and
stability―are impacted by climate change and its associated environmental changes, which affects virtually
all aspects of wellness, including physical and mental health (see Food Safety and Security chapter of the
Health of Canadians in a Changing Climate Report).
Northern food systems are both complex and distinct. Indigenous and non-Indigenous Northerners continue
to rely on what can be generally described as a dual food system made up of both market foods (imported
foods purchased at stores through the market economy) and country or wild foods (foods hunted, harvested
or gathered from the land, sometimes referred to as traditional foods) (Hansen et al., 2018). Market and
country foods have distinct and sometimes interacting mechanisms of food availability, processing,
distribution, access and disposal. Adverse and anomalous weather events―such as increasing precipitation,
severe winds and prolonged fog―affect the availability and accessibility of all foods. Higher numbers of foggy
and windy days negatively affect the transportation of market foods into communities, both by air and marine
shipping. These climate-related delays have reduced the availability and quality of market foods in communities,
while also contributing to increased costs (Human Rights Watch, 2020; Cunsolo Willox et al., 2012). The
same conditions make travel on the land, water and ice more difficult for hunters and harvesters, restricting
the accessibility of country foods, the amount of time spent on the land, and the transmission of cultural
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knowledge. Activities on the land allow people to provide for their families and are essential for Indigenous food
security and sovereignty. They are also central to the health and well-being of Arctic residents.
Addressing the negative impacts of climate change on food security is facilitated by policies and
programming that encourage and facilitate the practice of land-based activities, as well as participation
in market economies (Wilson et al., 2020). Community freezer programs provide access to equipment,
training and knowledge that support hunter access to, and safety on, the land, water and ice, while enabling
the distribution of country foods within communities (see Case Story 6.2). In both Nain and Hopedale, the
Department of Health and Social Development of the Nunatsiavut Government operate Nigivik (“A place where
we eat” in Inuttitut, a dialect of Inuktitut) programs. Often offered in partnership with community freezer
and youth programs, Nigivik programs offer accessible and flexible cooking spaces and activities that focus
on teaching cooking and other food skills to community members of all ages. To address the changing
availability of country foods, Nigivik emphasizes the importance of both country foods and market foods for
health, while teaching skills such as traditional methods of food preservation and contemporary canning, both
of which can increase year-round accessibility of country foods (The OKâlaKatiget Society, 2017).

Case Story 6.2: Community freezer programs in Nunatsiavut
Designed to support access to country food, community freezer programs act as a central community
repository of country foods that are redistributed throughout communities in Nunatsiavut (Organ et al., 2014).
Such programs increase access to country foods and reduce the risk of travel in a changing climate. They also
have important co-benefits, including increasing mental wellness and the transmission of cultural knowledge.
Community freezer programs (see Figure 6.8) are tailored to meet the needs of each Nunatsiavut community,
and are a contemporary formalization of the Inuit value of sharing. In addition to increasing access to a
diversity of country foods, many community freezer programs include initiatives to address other challenges
to country food access and food security. In Nain, the community freezer program includes a fuel and hunting
resources program, where harvesters are provided with essential supplies in return for sharing a portion of
their catch with the freezer. Harvesters borrow fishing rods, GPS and InReach units, camping equipment
and other essential safety gear that they may not otherwise be able to access. This addresses barriers to
harvesting created by increasingly expensive costs of equipment, as well as the risks to individual safety
posed by the increasing unpredictability of travel on the land and ice. In several communities, community
freezer programs also operate youth and mentorship initiatives, where experienced hunters are hired to take
youth out on harvesting trips. These programs train youth in essential harvesting and food security skills and
knowledge, while also providing harvested foods to the freezer programs or directly to Elders in the community.
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Figure 6.8: Infographic of quick facts about the Community Freezer Program in Hopedale, Nunatsiavut.
Source: Adapted from Food First NL, n.d.
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In most communities, community freezers and programs like Nigivik contribute to a suite of initiatives that
together support adapting to climate change. Although not all were developed as climate change adaptation
programs, these initiatives offer co-benefits that include building individual and community climate
resilience. Community and regional-scale programs are also complemented by a number of overarching
policy initiatives, including the National Inuit Climate Change Strategy (Inuit Tapiriit Kanatami, 2019a) and
the Nunatsiavut Food Security Strategy/Imappivut Marine Plan, currently being developed by the Nunatsiavut
Government. In the development of these and other strategies, considerations of health and food security are
embedded to ensure that associated policies and programs are intersectoral and grounded in Inuit values and
ways of life to promote wellness and resilience. Importantly, such strategies recognize and empower inherent
capacity (see Section 6.6) and draw on both Inuit knowledge and scientific evidence to put people at the core
of resilience.

6.3.4 Health concerns related to contaminants
There is evidence that environmental changes caused by warming temperatures result in an increased
release of contaminants into the environment, with potential impacts on human and environmental health.
Thawing permafrost, and melting glaciers and sea ice can release stored contaminants into the Arctic
environment (Obbard et al., 2014). For example, it is estimated that 793 million kilograms of mercury
could be released from thawing permafrost in the Northern Hemisphere permafrost regions over the next
century (Schuster et al., 2018). Elemental mercury is transformed by aquatic algae into methylmercury,
which is more toxic and bioavailable, and is the predominant form of mercury found in fish and the marine
environment (Miner et al., 2021). Projected increases in algal growth in Arctic lakes, occurring concurrently
with mercury being released from thawing permafrost, will likely result in increased methylmercury in the
aquatic environment. Thawing permafrost and decreased snow cover may enhance the release of radioactive
radon-222 from the soil, resulting in increased environmental levels of lead-210 and polonium-210, which are
both toxic radioactive substances (Arctic Monitoring and Assessment Programme, 2010). Radionuclides and
mercury may also be redistributed from natural events such as wildfires, which are projected to increase in
frequency and intensity with climate change (Wang et al., 2017).
The threat of increased release of contaminants in the Arctic has serious consequences for the Arctic
environment and wildlife populations, with subsequent health impacts on humans when consuming
wild foods (including land animals, birds, fish and sea mammals and foraged foods) with elevated levels
of contaminants. Precautionary measures include the issuance of advisories by provincial or territorial
health authorities related to the consumption of foods linked with health risks. For example, a health
advisory in Nunavut recommends that women of child-bearing years avoid eating ringed seal liver due to
high concentrations of mercury. Concerns around consuming contaminated country foods could result in
increased reliance on market foods, which can be less nutritious, more costly and a potential maladaptation
(Rosol et al., 2016; Berry et al. 2014).
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6.3.5 Health risks from wildfires
While there is little synthesis of knowledge from which to create a wildfire-associated risk framework in
Canada (Johnston et al., 2020), many Indigenous communities in Canada are at higher risk from wildfire
because of their remote locations and close proximity to forests (Christianson, 2015). From a human health
perspective, wildfires may result in death, trauma and major burns (Cameron et al., 2009), post-traumatic
stress disorder symptoms (Papanikolaou et al. 2011; McDermott et al., 2005) and mental health problems
(see Sector Impacts and Adaptation chapter of the National Issues Report; Coogan et al., 2019). Smoke
distribution can be significant far beyond the immediate vicinity of a fire (Reid et al., 2016), compromising air
quality even for distant populations (Henderson and Johnston, 2012).
Recent extreme wildfire events include the 2014 fire season in the Northwest Territories, where drought
conditions resulted in 3.4 million hectares of land being affected by 385 separate fires. The cost of fighting
those wildfires was $56.1 million—almost eight times greater than the territory’s annual firefighting budget
at the time (Dodd et al., 2018). The fires caused evacuations from communities throughout the territory,
serious health consequences and respiratory distress, and ongoing fear and anxiety among Indigenous and
non-Indigenous Northerners. Many people reported mental, emotional and spiritual tolls, and having feelings
of isolation as a result of staying indoors in compliance with public health advice or due to forced evacuation,
and because of loss of time on the land (Dodd et al., 2018). People also reported feeling anticipatory stress
and grief about possible future wildfires and further impacts to place and environment, communities, physical
health, food security, and mental and emotional health (Dodd et al., 2018).

6.4 Safe travel in the North is threatened by
climate change
Climate change is increasing risks to safe travel in the North, but drawing from different types of
knowledge is helping to reduce these risks.
Decreasing ice cover, as well as changing landscapes and weather patterns, are impacting travel in the North.
In some cases, adoption of new technology can increase vulnerability by placing reliance on things such
as cellphone or satellite connectivity, or electronic vehicle components. Northern residents have developed
innovative solutions that are specific to the needs in the region. The tools used to exchange knowledge
of local conditions are helping Northerners to better prepare for conditions that are outside the range of
previous experience.
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6.4.1 Introduction
Northerners recognize that changing environmental conditions and weather patterns are resulting in
increased risk to safe travel on the land, ice and water, and by air. While climate change affects physical
trails or routes through, for example, loss of ice or permafrost thaw, key factors that enable access to the
land include maintaining confidence in Indigenous Knowledge, access to equipment (ranging from reliable
vehicles to radios and cell phones) and risk tolerance (Ford et al., 2019; Harper et al., 2015). The loss of
access to land-based activities negatively impacts physical and mental health, and adaptation measures are
an effective way to improve resilience (see Rural and Remote Communities chapter of the National Issues
Report; Durkalec et al., 2015). Travel-related climate change impacts increase risks to human life, impact
property and wellness, and put pressure on search and rescue operations that sometimes have limited
equipment and training appropriate to changing conditions (Ford and Clark, 2019). While boats, all-terrain
vehicles (such as quads/4-wheelers and side-by-side vehicles), snowmobiles, trucks and other means of
transportation all form integral parts of life in the North, increased risks from climate change are leading
Northerners to assess their own risk tolerance and to develop strategies to limit risks.

6.4.2 New dangers threaten Northern knowledge of safe travel
Travel in northern regions is part of life (see Case Story 6.3). In areas where communities are small and
distributed over large areas, travel to access the land, services and education and to conduct business
is essential. In some regions, both ice-based and land-based trails are necessary for travelling between
communities (Durkalec et al., 2015; Ford et al., 2013; Aporta, 2011). For many Northerners, hunting and
travelling on the land and water play a vital role in ensuring food security and maintaining cultural identity
(Cunsolo Willox et al., 2013a; Laidler et al., 2008). Land-based and water-based recreation and traditional
pursuits, often in remote areas, occur through all seasons. Air travel is also critical to northern communities
that rely on aviation for the transportation of people and essential goods and services, and for accessing
health care (Government of Canada, 2017). However, travel-associated risks driven by changes in climate,
like reduced ice thickness, shifting ice freeze-up and break-up dates, thawing permafrost, unpredictability of
weather patterns and extreme events are impacting both perceived and actual safety of all modes of northern
travel (Ford et al., 2019).
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Case Story 6.3: Perspective on risks to public safety in
Makkovik, Nunatsiavut
The following is an excerpt from Winston (Barry) Andersen, a resident of Makkovik, Nunatsiavut, who serves
in search and rescue operations, describing his experience with changing climate and how it has impacted
public safety in his community:

“[I] spent all my life working, travelling, gathering, cutting firewood, picking berries, hunting and fishing
in Nunatsiavut. For sustenance purposes only. Never fished or trapped commercially. Trap fur-bearing
animals for my personal use… I have travelled northern Labrador from Makkovik area to Nain area
and inland from Nain to the Quebec border by snowmobile hunting caribou. I have also travelled from
Makkovik area to Nain by boat during the summer months both personally and for work as a guide for
DFO [Department of Fisheries and Oceans]. With the RCMP, [I] was a guide in the Makkovik, Hopedale
and Postville areas. On my first trip to Nain via snowmobile, I was 16 years old and travelled with my
father and uncles, learning from them along the way by observing and some lecturing while on the
land, or simply sitting in a tent and listening to the elders talking about the weather signs, ice and
snow conditions. I travelled from Makkovik to Davis Inlet and inland to Border Beacon in winter and
spring, caribou hunting.
Over the last 30 years, I have experienced a major change in the weather patterns. This is also
observed by my father and many other elders in my community. Once predictable weather patterns
during all seasons are now very unpredictable. In the Makkovik area, the prevailing winds in the
spring and summer would be variable. Mornings would be calm, mostly westerly winds during the
daylight hours and calm in the evenings. Summer would see long stretches of clear weather with
thunderstorms intermittently. Fall would see more northerly winds causing sea swells to rise. The
elders would always say in late August or early September it was time for the “liner gale”: a strong
storm with either northerly or northwest winds and rain that lasted for about three days. After this
storm was over, things would settle down. More storms would follow, but they were not as intense.
In the winter, the prevailing winds were from the west with cold temperatures.
Today, we see more extreme variable weather causing problems for hunters, trappers, fishermen and
travellers generally. In the springtime, we are seeing the sea ice break up earlier. Sometimes now in
mid-May the ice is not safe to travel on by snowmobile. In the winter months, the sea ice is also not
as stable as it once was along the Labrador coast. Freeze-up is later into December and early January
as opposed to early December in years past. Strong winds at sea rises sea swells breaking the ice
and disrupting snowmobile travel by leaving open water in areas where the snowmobile trails should
be. Sea ice in sheltered bays is static and doesn’t move around with the tides as it does at the head
lands where the ice can break loose and flow south in the Labrador Current. Simply going out on the
sea ice to hunt seal at the sina [the edge of the ice, similar to a polynya] can be dangerous. If the sea
swell rises and you are not aware, the ice you are on can break off and begin to drift away. Nobody
has been lost due to this, but snowmobiles have been lost in the past due to this kind of event. In
the past, heavy slob (snow and water mixed) at sea formed by drifting snow into the ocean and cold
temperatures would be six to eight feet thick. This would dampen the sea swells before it reached
close to shore. It was a barrier of sorts that gave us some protection. With today’s warmer climate,
we do not see this effect very often. These variable and extreme weather patterns cause serious
safety concerns for users of the land. Many people have gone missing or were stranded for long
periods of time due to unforeseen weather and poor snow/ice conditions, or in summer, very high
winds and large sea swells.”
– Winston (Barry) Anderson, personal communication, 2018
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The dangers involved with travelling on the land are linked to the ability of northern Canadians to be food
secure and to earn their livelihoods, while the inability to participate in cultural activities severely impacts
mental health and wellness (Cunsolo Willox et al., 2013a; Laidler et al., 2008). For example, unsafe sea ice
conditions near a coastal Nunavut community may prevent a parent and child from travelling to harvest seal,
reducing their access to country foods and the income potential associated with skins, clothing and arts
products derived from the animal. The parent also loses their opportunity to share knowledge with their child.
In some cases, changes to the land and water, including ice, are resulting in personal injury and damage to, or
loss of, equipment like snowmobiles; in the worst cases, they are leading to loss of life.
Arctic communities are experiencing the impacts of sea ice loss in ways that are not always documented in
academic literature (Ford et al. 2016; Cuerrier et al., 2015; Wenzel, 2009). These include greater risks for travel
across sea ice and open waters, as well as increased marine traffic as a result of better navigability and a
longer open-water season. Reduced ability to anticipate suitable sea ice conditions make travel slower, more
complex and less safe (Ford et al., 2019; Bell et al., 2014, Nickels et al., 2005). Increased open-water conditions
have resulted in rougher water, more fog, difficulty accessing certain safe harbours due to rapid coastal erosion,
and movement of sediment (formerly protected by sea ice and permafrost) (Nickels et al., 2005).
Declines in Arctic sea ice have resulted in an increase in navigability and open-water season length for marine
traffic (see International Dimensions chapter of the National Issues Report; Melia et al., 2016; Pizzolato
et al, 2014; Smith and Stephenson, 2013; Stephenson et al., 2013). Since 1990, the distance travelled by
ships through the Canadian Arctic has increased threefold (Dawson et al., 2018), with the largest increases
attributed to bulk carriers, passenger ships (cruise ships) and pleasure craft (yachts). In addition to climate
change impacts, non-climatic factors―such as global economic trends; demand for natural resources related
to mining, fisheries, trade, and tourism; demographics; construction demand; and commodity price variability
(Pelletier and Guy, 2012)―also influence ship traffic in Arctic waters.
The largest increase in ship traffic has occurred in the eastern Canadian Arctic around Baffin Island, Hudson
Strait and the southern route of the Northwest Passage (Dawson et al., 2018). Several communities have
experienced significant increases in ship traffic over the past decade, including Pond Inlet, Baker Lake,
Cambridge Bay and Chesterfield where there have been recent or ongoing mining and tourism activities
(Dawson et al., 2018). It is important to note, however, that factors such as lack of infrastructure and modern
bathymetry charts, harsh weather conditions, remoteness and lack of broadband communications will still limit
the potential for long-term growth of shipping in the Canadian Arctic in the near-term future (see International
Dimensions chapter of the National Issues Report; Farré et al., 2014; Smith and Stephenson, 2013).
Combining Indigenous Knowledge, local knowledge and technology can help to reduce challenges and
dangers associated with travelling by sea in the face of a changing climate. Innovative examples of this
include SIKU.org, an Indigenous Knowledge Social Network that provides an online platform with specific
provisions for securing and protecting Indigenous Knowledge, while helping to inform travel decisions and
monitor environmental observations (Arctic Eider Society, 2019). Another example is SmartICE (see Figure
6.9; SmartIce, 2022) a northern social enterprise that provides employment opportunities related to data
gathering and instrument development and production, along with an online platform for presenting data and
augmenting Inuit knowledge, all while also helping to strengthen Inuit culture and support intergenerational
teaching (Bell et al., 2014). These tools often work together. For example, SmartIce feeds directly into SIKU.
org. The Floe Edge Service is a Web-based portal providing community members with access to satellite
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imagery of ice conditions, which is updated three to five times per week (Laidler et al., 2011). Each of these
examples provides easy access to a range of information sources so that travel plans can be made with
better foreknowledge of local conditions and can be adjusted accordingly.

Figure 6.9: SmartICE is a community-based social enterprise offering climate change adaptation tools and
services that integrate Inuit knowledge of sea ice with monitoring technology. This is a photo of SmartICE
researchers Samuel Dicker (left) and Rex Holwell (right). Photo courtesy of SmartICE and Hamlin Lampe, 2022.

Other adaptation actions reducing risk to travel on land, water and ice include enhanced surveillance and
early warning systems that alert community members to incoming adverse conditions, the bolstering of local
search and rescue operations to respond in emergency situations, and enhanced emergency preparedness
education (Ford et al., 2014). In multiple Nunavik communities, hunters, Parks Canada, and the Kativik
regional government have invested in developing a new VHF radio network that has improved the ability of
community members to share information about on-the-land conditions and travel plans (Anselmi, 2019). An
Indigenous-led initiative is installing weather stations in multiple communities along the Labrador coast. The
active stations at Rigolet, North West River, Red Bay and Postville, as well as future planned stations, will help
to fill the gaps in weather monitoring data for the area and to improve the accuracy of weather reports, which
can be a matter of life and death to northern Canadians in the area (Careen, 2019). Growing these networks
and subsidizing the cost of personal radios are important aspects of addressing real and perceived risks of
northern travel (Shah et al., 2018).
While new technologies are often regarded as adaptation solutions, their adoption can sometimes exacerbate
or compound travel risk in northern regions. For example, the use of electronic technology in snowmobiles
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and small watercraft engines increases the risk of water-induced damage and reduces reparability in the field.
New four-stroke engine snowmobiles with electric starters are not typically equipped with backup starters
due to high compression. Thus, a problem in an electrical relay or computer module can leave a traveller
stranded (Andersen, 2018).
Ice roads (roads entirely on ice) and winter roads (roads on both ice and land) are important conduits for
importing materials and supplies to some northern communities and mines, but shorter winter seasons and
changes to lake and river freeze-up and break-up dates can impact operating season and stability (Pendakur,
2016; Andrey et al., 2014). The operating season length of an ice road has an immediate economic impact on
the mines and communities relying on them. Supplies that cannot be moved on the ice road may have to wait
to be transported by barge (where available) or by air (at significant cost). Ice roads are particularly vulnerable
to climate changes such as temperature swings in excess of 18˚C, the number of consecutive days above
0˚C, the amount of snow on the ground as of January 1st and the number of extreme cold events during the
operational season (Perrin et al., 2015). These changes necessitate adaptation actions, which include the
use of new technologies and construction techniques, as well as increased maintenance and monitoring
(Pendakur, 2016).
Ice bridges (e.g., seasonal crossings over a frozen river to connect all-season roads) are also key to some
northern highways. The Dempster Highway, which stretches for 740 km from Dawson City, Yukon, to Inuvik,
Northwest Territories, crosses several streams and includes crossings of the Peel and Mackenzie Rivers,
which operate as ferry crossings in the summer and ice bridges in the winter. To mitigate the shortening
of the ice bridge season, the Government of the Northwest Territories has constructed several permanent
bridges over stream crossings. Ice spray, a technique that sprays river water into the air over the river during
freeze-up, applied at the Mackenzie River crossing helps to develop thicker ice earlier in the season, and
ground-penetrating radar is used to measure ice thickness and to identify thin sections (Government of
Northwest Territories, 2008).
Operational and policy changes have been implemented to consider changing winter road conditions in the
Northwest Territories. For example, the Northwest Territories Housing Corporation began awarding contracts
to suppliers one month earlier to allow for adjusted transport schedules, including load adjustments in
response to road weight limitations (Government of Northwest Territories, 2008). Residents living north of the
Peel and Mackenzie Rivers also stockpile additional supplies and fuel in anticipation of a longer period of road
closure between the ferry and ice-bridge seasons, but not everyone can afford the up-front cost of purchasing
enough supplies to span this period. Climate change also affects the viability of permanent, all-season roads
in the North, and is increasingly being incorporated into long term planning and management processes
(see Case Story 6.4).
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Case Story 6.4: Improving the climate resilience of the
Dempster Highway
Engineers and maintenance personnel typically use planning tools, such as functional plans, to provide
high-level summaries of anticipated maintenance, safety, and engineering needs and associated costs. In an
innovative project, Yukon Government’s Department of Highways and Public Works developed a functional
plan with a 25-year outlook for the Dempster Highway that explicitly considers climate change impacts on
geohazards as an integrated part of the plan (Associated Engineering, 2018; Calmels et al., 2018).
The Dempster Highway, which is the only highway linking Yukon and the Northwest Territories, is
experiencing climate change-related impacts, including permafrost thaw, flooding and active layer
detachments following extreme precipitation (see Figure 6.10). Snow drifting, washouts due to flooding,
retrogressive thaw slumps, culvert failures and subsidence due to the melting of ground ice are key concerns
that the Highways and Public Works Department is attempting to anticipate and address in the context of
climate change. Highways and Public Works considered projected changes to hydrology, as well as detailed
characterization of permafrost thaw vulnerability, as inputs to their functional plan. This approach builds
consideration of climate change directly into a commonly used planning tool and exemplifies an innovative
approach to ensuring that a full suite of risks are being considered in maintenance and engineering decisions
for the highway.

Figure 6.10: Photo of the Dempster Highway following a heavy rainfall event in August 2022. Photo courtesy of
Meredith Caspell.
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Climate change is likely to have varied impacts on aviation in northern Canada, including more frequent and
lengthier weather-related delays, increased clear-air turbulence and modified flight times due to increased winds
(Storer et al., 2019; Williams and Joshi, 2013). Andy Williams, a bush pilot who has been flying over the ice fields
in Kluane National Park since the 1970s, reports that the region has experienced “incredible amounts of change,”
including changes to snow conditions necessary for take-offs and landings (Hossack, 2018).
Limited local weather information contributes to the delay and cancellation of flights—for example, in 2015,
approximately 29 % of Nunavut’s medical emergency evacuations were cancelled or delayed due to lack
of reliable weather reporting (Government of Canada, 2017). Coverage by automated weather observation
systems, which provide continuous, real-time information about weather conditions, is limited across
the North, as the construction and networking of stations are costly (Hatt, 2016). Initiatives such as the
Meteorological Service of Canada’s Collaborative Monitoring Initiative are helping to improve access to
data to ensure that it can be used in forecasting, and are working to increase understanding of weather and
climate systems (Zucconi and Karn, 2019; Hatt, 2016).
The ability to safely travel on the land relies on many factors, not all of which are climate-related. For
example, social determinants, such as knowledge of routes and expected conditions, access to wellmaintained equipment, and time to wait out a storm, all contribute to travel safety regardless of conditions
(Clark et al., 2016a). While climate change is impacting seasonality of trail use, there is conflicting evidence
regarding whether useable seasons are actually shorter. In addition, non-climate factors can also play a role
in travel safety. For example, the cost of safety equipment and reduced transmission of land skills to younger
generations were dominant factors affecting search and rescue operations along Canada’s Arctic Coast
between 2013 and 2014 (Ford et al., 2019).

6.5 Northerners are leaders and innovators in
climate change adaptation
Innovative approaches to governance, policy and development are addressing social inequities and
opening pathways for collaborative and inclusive climate change adaptation.
Northerners are exerting greater influence over decision-making and the building of climate change resilience
through the development of innovative policy approaches and pragmatic infrastructure management. Central
themes in successful adaptation initiatives include drawing from Indigenous Knowledge and a culture of selfsufficiency and local problem solving. Within the unique governance environment in northern Canada, where
many Indigenous communities are self-governing, Indigenous-specific policy spaces are foundational to good
governance and are laying the groundwork for innovative approaches to planning and decision making. While
economic opportunities may enhance resilience and provide additional adaptation options, modern governance
approaches can provide the basis for cautious and careful exploration of the costs and benefits related to these
emerging opportunities and their potential impacts on northern people, societies and cultures, and environments.
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6.5.1 Devolution and Indigenous self-determination
The implementation of modern treaties and the devolution of some aspects of governance by the federal
government have led to greater self-determination, and the ability of Indigenous and non-Indigenous
Northerners to play a greater role in leading decision making, including that associated with climate change
adaptation actions (Alcantara et al., 2012). While not typically conceived of as a climate change adaptation
action, devolution in northern regions (i.e., the delegation of certain federal decision-making authorities to the
territorial governments) has resulted in regional governments having greater authority over actions in their
regions, thereby improving the resilience of smaller governments because they are better able to respond
to the needs of their members, and also increasing their ability to plan for anticipated changes (Coates and
Broderstad, 2020).
Increasing the inclusion of local communities and Indigenous Peoples in decision making, and strengthening
governance mechanisms to support the goals of self-determination, have helped community development
to succeed in the face of increased socioeconomic growth (Ritsema et al., 2015). Progress towards
more meaningful inclusion of Indigenous worldviews contributes to more consideration of the holistic
interrelationships between nature and society (see Case Story 6.5)―expanding the opportunity to consider
and build resilience to climate change impacts.

Case Story 6.5: Excerpt from “Indigenous Governance as an Adaptive
Climate Change Strategy”
Indigenous Peoples provide critical insights into how climate change results in immediate and important
implications for humans (Alam, 2018). However, using Indigenous experiences as evidence for climate
change often is where the conversation stops.
In academia, where much of the thinking on climate change adaptation originates, much has been made
of Indigenous responses to climate change framed as “resilience” (i.e., “Don’t worry, Indigenous Peoples
will bounce back”; Ramos-Castillo et al., 2017) or “ecological grief” (i.e., “Worry, Indigenous Peoples cannot
bounce back and this grief amplifies other social ills”; Cunsolo, 2012). Such analyses provide compelling
evidence for action, yet also paint a picture of peoples at the margins of power.
The only legitimate and probably sustainable climate change adaptation strategy for Indigenous Peoples
starts with their continuing to know and understand their lands through being on and living with their
lands, even if power over land management or weather eludes them. Like many of the pressures faced by
Indigenous Peoples, their climate change adaptation options are subject to settler colonial, societal and
institutional control. The best climate change adaptation strategy is for governments (and voters) to support
Indigenous governance of climate change strategies for their communities and territories, ensuring the
provision of resources needed to accomplish targeted outcomes and goals.
Using the power and authority over their lands and people, recognized through negotiated rights-based
agreements and/or rooted in cosmologies that understand Indigenous Peoples as part of their lands, many
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Indigenous governments have undertaken targeted, culturally based land connection initiatives. These range
from building land-based camps for uses from eco-tourism to healing, to major annual seasonal journeys
through their traditional territories, as ways to reconnect youth to their people and identities. These landbased acts are generative of identity and relationship, and are essential for closing the various gaps and
healing the individual and collective harms resulting from ongoing colonial impacts. Labelled by Indigenous
scholars as “grounded normativity” (Coulthard and Simpson, 2016), simply put, it is the ability for Indigenous
people to engage in cultural resurgences and forms of culturally based being as the basis for their social and
political norms.
A fundamental requirement for enacting Indigenous governance as an adaptive climate change strategy is
for settler colonial society to get out of the way: to respect Indigenous land relationships, to honour Treaties
through fulfilling legal obligations, to restore governance authorities and to institute specific actions for
restoring respectful societal relations, as recommended by Truth and Reconciliation Commission of Canada,
2015 (Truth and Reconciliation Commission of Canada, 2015b). Climate change adaptation on these terms
would support Indigenous Peoples to lead us all in adapting to climate change on the lands that they have
managed since time immemorial.
Source: Irlbacher-Fox and MacNeill, 2020.

6.5.2 Impact assessment and co-management
Co-management boards and decision-making bodies engaged in impact assessment in many jurisdictions
in northern Canada have created a network of knowledge holders and practitioners who are well-versed in
interpreting Indigenous Knowledge, science and other forms of information that enhance decision-making
processes. Co-management (see Box 6.3) and shared approaches to impact assessment facilitate culturally
appropriate environmental protection in the hope of maximizing both socioeconomic and environmental
resilience, including resilience necessitated by the impacts of climate change.

Box 6.3: What is co-management?
Co-management arrangements in Canada, as established under modern-day land claim agreements (for
example, the Nunavut Land Claims Agreement Act and the Western Arctic (Inuvialuit) Claims Settlement Act),
are formal and legally-based cooperative institutional arrangements among provincial, territorial and federal
governments, Indigenous authorities and, in some cases, local “user” communities. There is significant
regional variability regarding precisely how power is shared among the parties at a co-management table,
and how well formal agreements are implemented and followed, with some describing co-management as
cooperative management due to region-specific interpretation of how power sharing is being implemented
(Clark and Joe-Strack, 2017). However, co-management partners are generally required to give equal
weight to Indigenous Knowledge and science in their recommendations and decisions affecting wildlife
management (Minister of Justice, 1993; Minister of Indian Affairs and Northern Development, 1984). Within
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the context of climate change, co-management boards draw on diverse experience and expertise related to
research, decision making and policy as they relate to protecting animals, plants and fish that are particularly
vulnerable to climate change. Through this collaborative structure, co-management boards provide a “shared
space” where all levels of government agree to work together in specific geographic areas; outside of those
areas, each organization retains its respective powers and jurisdictions (Snook et al., 2018).

At the regional scale, a key strategy for maintaining ecosystem and social resilience encompasses
conservation and resource management efforts that maintain large natural landscapes with a diverse array
of habitat types and connectivity. Key adaptive measures that are already being implemented include the
following: continuing and improving co-management and adaptive management by local, territorial, federal
and international partners; recognizing spatial and temporal variability in species response to climate change;
implementing monitoring programs with clear goals; reducing cumulative impacts of increased human
activity; and recognizing the limits of current protected species legislation (Laidre et al., 2015). These efforts
allow for managing potentially impactful activities in ways that reduce changes in vulnerable ecosystems
and maintaining mechanisms of resilience that give rise to healthy, dynamic landscapes (Chapin et al., 2006;
Walker et al., 2004).
Similarly, strategic-level mechanisms (e.g., regional impact assessments, regional land use plans) are critical
for addressing complex issues, such as the assessment of climate change impacts, including cumulative
impacts, which extend beyond the individual project level. For example, the North Yukon Regional Land Use
Plan undertook a scenario modelling approach that examined potential impacts from climate change and
energy sector activity on caribou habitat (Francis and Hamm, 2011).
Few strategic-level or regional-level assessments address the cumulative impacts of climate change
in Canada (Blakley et al., 2020), let alone for the North. A range of issues must be considered to ensure
that these processes are effective, and that they include the concerns of Indigenous communities in the
North about strategic-level issues leading to a loss of power or control in their relationship with the federal
government (Fidler and Noble, 2013). Regional land-use plans are a mechanism that is implemented more
frequently, but generally speaking, such plans do not address cumulative impacts of climate change. The
above example of the North Yukon Plan is notable in that it attempted to incorporate cumulative impacts and
climate change considerations in its development process. Similarly, the Strategic Environmental Assessment
in Baffin Bay and Davis Strait, the final report of the Nunavut Impact Review Board, examined development
scenarios in the context of cumulative impacts and climate change considerations. Importantly, the report
notes that “this assessment has made significant progress with the respect for and treatment of Inuit
knowledge and experience” (Nunavut Impact Review Board, 2019, p iii).
Monitoring is a key enabler in both impact assessment and strategic-level assessment. Initiatives to
consolidate access to data (e.g., the open data portal launched by the Government of Yukon, 2020) and the
Northwest Territories Cumulative Impact Monitoring Program (Northwest Territories Cumulative Impact
Monitoring Program, 2015) are examples of initiatives that improve the accessibility to, and effectiveness
of, public data. Increasingly, co-management institutions require innovative and streamlined processes to
stay informed about the rate and types of changes in habitat conditions (Lenton, 2012; Chapin et al., 2010;

R E G I O N A L P E R S P E CT I V E S R E P O RT
43

Beaufort Sea Partnership, 2009). This information is used to re-assess and establish habitat protections early
enough to be effective (Chapin et al., 2010; Beaufort Sea Partnership, 2009).
Co-management arrangements need up-to-date information and expanded knowledge on ecosystems in
Canada’s North, and on how they are responding to climate change (Staples, 2013). For example, when
species that were previously considered incidental or invasive become frequent visitors or residents
(see Section 6.2), the current understanding of ecosystem integrity is challenged and the functioning of
Arctic marine food webs must be reassessed (Staples, 2013). Indigenous Knowledge and local knowledge
from subsistence users and communities, and input from regional institutions that monitor and report on
ecological and sociological changes, will be important for co-management arrangements to continue their
work in ensuring ecosystems in Canada’s North are resilient in the face of climate change. Expanding the
mandate of co-management agreements may also be required in order to maintain their effectiveness in the
face of climate change (Popp et al., 2018; Snook et al., 2018; White, 2018).
Co-management boards are also leading efforts to ensure that Indigenous Knowledge and local knowledge
informs decision making. This is distinct from including Indigenous membership. The observations and
knowledge of Indigenous Peoples and local people provide current information that can identify subtle
changes in species health and ecological conditions (Gearheard et al., 2011; Berkes et al., 2007), which can
help to inform responsive management practices (see Case Story 6.6). In this way, co-management boards
play an active role in facilitating dialogues that incorporate both Indigenous Knowledge and science related to
climate change adaptation and changes to food systems, livelihoods and well-being, and serve as platforms
for adaptation actions. Co-management boards help to ensure that the voices, knowledge and science of
the region are meaningfully included in climate policy analysis, and that adaptation initiatives continue to be
enhanced through co-learning, cooperation and the implementation of co-management recommendations
and decisions.

Case Story 6.6: Co-management approaches to polar bear management
Canada is home to thirteen of the world’s nineteen polar bear sub-populations. It collaborates internationally
with other nations with large polar bear populations. Polar bears (Ursus maritimus, “nanuq” in Inuktitut)
are a keystone species and have received increasing attention within the context of climate change and
environmental shifts. This species is designated as a species of “special concern” by the Committee on
the Status of Endangered Wildlife in Canada, with a predicted decline over the next three decades due to a
reduction in seasonal ice coverage (The Committee on the Status of Endangered Wildlife in Canada, 2018).
Shorter ice seasons and less stable ice conditions already affect harvesters’ access to polar bears (Joint
Secretariat, 2015; Hovelsrud et al., 2011). This has led to adjustments in the length of the period within which
hunters are permitted to harvest an animal. As a result, co-management partners must balance the demand
for fewer licenses held for longer periods of time with reduced hunting opportunities for all harvesters. In
some instances, these types of changes require a re-assessment of long-standing regulated harvest seasons.
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Within Canada, there are multiple levels and structures of government that collaborate on polar bear
management, including the Government of Canada, the provinces and territories, the national Polar Bear
Technical Committee, the Polar Bear Administrative Committee, and a network of co-management boards
in Inuit Nunangat that were established through negotiated land claim agreements. These boards are
undertaking research, leading dialogues and making decisions at the local level in Inuvialuit, Nunavut, Nunavik
and Nunatsiavut. These collaborative efforts are making substantive contributions to knowledge about polar
bears and are also helping to integrate Inuit Qaujimajatuqangit into decision making and recommendations.
Inuit Qaujimajatuqangit is defined as “all aspects of traditional Inuit culture including values, worldview,
language, social organization, knowledge, life skills, perceptions and expectations” (Government of
Nunavut, 1999). For example, in 2010, the Government of Nunavut started publishing supplemental Inuit
Qaujimajatuqangit that supported and influenced dialogues about polar bears (Kotierk, 2010a,b). Nunatsiavut
and Inuvialuit followed suit in 2015 (Joint Secretariat, 2015; York et al., 2015), as did Nunavik in 2018 (Nunavik
Marine Regional Wildlife Board, 2018). Through the generous sharing of their knowledge, Inuit enhance polar
bear management within Inuit communities, national organizations and internationally (Clark et al., 2013).

6.5.3 Energy security and community resilience
Much of the electricity infrastructure in northern Canada was built when considerations of climate change
and other factors were not as prominent as they are today. Currently, energy security for Canada’s northern
communities is an area in which economic development, innovations in policy and governance, applied
research, and community capacity development are contributing to resilience (Bizikova et al., 2008). As
ageing energy infrastructure is replaced, and increasing value is placed on limiting negative socioeconomic
and environmental impacts, governments, industry and communities are beginning to turn to new approaches
for energy production (Natural Resources Canada, 2018). Today, electricity is primarily generated through
a combination of hydroelectric power and diesel generation, with the growing use of solar energy and other
alternatives like liquefied natural gas and biomass (Canada Energy Regulator, 2019). Wind and geothermal
power generation are also being explored.
Capacity-building initiatives to increase energy security and resilience include training programs and project
funding. Examples include the 20/20 Catalyst Program, a three-month program designed to build leadership
skills and project management capacity of Indigenous community members, and the Arctic Community
Energy Planning and Implementation Toolkit, a publicly available resource for northern communities
developing and implementing community energy plans and project (Indigenous Clean Energy Social
Enterprise, 2019; Cox et al., 2019). Increasingly, communities are recognizing the impact that local energy
coordinators can have in developing tools and projects by creating capacity to pursue funding for and to
coordinate community-oriented projects and programs associated with energy security (Denton et al., 2015).
Applying these approaches to energy projects allows northern communities to harness local knowledge and
social capital, incorporate unique circumstances, values and challenges on a community scale, and build
resilience to climate change within their energy systems while providing environmental, health, social and
resilience benefits.
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In Aklavik, Northwest Territories, the efficiency of variable speed generators in a range of northern operating
conditions and loads is being tested as a way to optimize the use of diesel that is normally brought to the
community by sea lift, acknowledging that diesel power is likely to remain an important resource for remote
communities (Yukon Research Centre, 2019; Mercer et al., 2018). In some Nunatsiavut communities, energy
plans have prioritized the efficient use of diesel for heat and power generation as a familiar, reliable and
predictable energy source that provides employment benefits. This highlights how adaptation and resilience
are improved by investing in existing infrastructure, while acknowledging that emission reduction benefits are
sometimes outweighed by the benefit of maintaining a known technology (Mercer et al., 2018).
In parts of the North, hydropower is already an important source of electricity. Increasing streamflow
associated with climate change may prove to be beneficial for hydropower generation. However, increasing
flow variability and changes to the timing of peak and low flows can add uncertainty and challenges for
sustained power production (Gaudard et al., 2013). By understanding how changes to streamflow may occur
on different timescales, hydropower corporations can better adapt their short-term operations to ensure
that they meet energy demands in the coming year, and can improve their long-term planning. Streamflow
forecasting tools, such as those being used by the Yukon Energy Corporation, can help decision-makers
understand how changes to streamflow may occur on different timescales (Samuel et al., 2019).
Within communities, synergies often exist between climate change resiliency and community-led projects.
In Inuvik, Northwest Territories, a 5-kW grid-tied solar photovoltaic system was installed in 2017 for the
Inuvialuit Community Economic Development Organization’s community freezer project as part of a four-day
solar energy workshop (Inuvialuit Regional Corporation, 2017). The workshop increased the community’s
food security and technical capacity related to renewable energy, while also supporting traditional hunting
practices and contributing to the community’s transition towards energy independence (Arctic Energy
Alliance, 2020). In this example, local practices and knowledge were supported and utilized through the
development of working relationships between local, regional and national organizations to improve the local
community’s food and energy security.
The development of responsive energy policy also offers another example of how policy innovation can
support climate change adaptation, low-carbon resilience and energy security. While northern energy policies
and regulations have historically been applied territory- or province-wide, independent power producer and
net metering policies have allowed individual communities to lead their own energy projects (Karanasios and
Parker, 2016). The governments of the Yukon and the Northwest Territories have both developed policies
that incentivize communities and entrepreneurs to produce energy via renewable energy sources and to feed
it back into electrical grids with compensation (see Case Story 6.7; Government of Northwest Territories,
2018; Government of Yukon, 2018). The Government of Nunavut launched a net metering policy in 2018 and
is currently developing an independent power producer policy for the territory (Quliq Energy Corporation,
2020, 2018). In Nunavik, Pituvik Landholding Corporation has signed a Power Purchase Agreement with
Hydro Quebec for the construction of a 7.5-MW hydropower plant (Innergex Renewable Energy, 2019). When
developed effectively, energy policy can improve community resilience by enabling leadership and adaptation
at the community level.
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Case Story 6.7: The Old Crow Solar Array
The Vuntut Gwitchin First Nation wanted to improve energy security and reduce reliance on diesel needed to
fuel generators, which was being flown into the community of Old Crow, Yukon’s northernmost community.
However, there was uncertainty regarding the technical constraints of the existing electricity infrastructure.
Conflicting reports from consultants and companies created uncertainty about the possibility of including
solar power in existing infrastructure owned by ATCO Electric Yukon. The Vuntut Gwitchin Government
approached Yukon University’s Northern Energy Innovation research team to receive technical assistance
from an independent third party. With the participation of both ATCO Electric Yukon and Vuntut Gwitchin
Government, the team conducted a power system impact study of Old Crow’s electrical grid to determine if
and how the renewable resource could be integrated into the system to provide a stable and reliable energy
source. The study provided a basis for Vuntut Gwitchin Government to move ahead and implement its vision
for greater energy security and low-carbon resilience (Arctic Council Secretariat, 2022).
Concurrently, the Yukon Government developed an independent power producer policy that allows
communities to generate electricity and sell it to existing grids (Government of Yukon, 2018). The community
of Old Crow can now operate without the use of diesel for 95 to 100 non-consecutive days of the year. While
the Vuntut Gwitchin Government purchased the capital assets for the solar energy plant, ATCO continues to
ensure that the energy produced by the solar panels is stored in batteries, and properly and safely utilized
to provide a consistent and reliable energy source. The success of this project was enabled through a
coordinated and collaborative effort by the private sector, governments and academia.

6.5.4 Community responses to biophysical change
It has been estimated that climate change impacts on public infrastructure in the Northwest Territories will
cost $1.3 billion over the next 75 years (Northwest Territories Association of Communities, 2018), providing
a general understanding of the anticipated costs of climate-induced damage and advantages of applying
adaptation actions. The Canadian Climate Institute is currently conducting a pan-northern analysis to
estimate the financial impacts of permafrost thaw on infrastructure (Clark et al., 2022).
Recognizing the urgency of permafrost thaw-related infrastructure issues, the Standards Council of Canada’s
Northern Infrastructure Standards Initiative (NISI) has initiated work to prepare a guide for hazard mapping.
NISI and the Bureau de normalisation du Québec (BNQ) have made northern-specific guidance available
for moderating the effect of permafrost on foundations (Standards Council of Canada, 2014a), managing
snow loads (Standards Council of Canada, 2014b), thermosyphon foundation design (see Figure 6.11;
Standards Council of Canada, 2014c), community drainage design (Standards Council of Canada, 2015)
and geotechnical site investigation (Bureau de normalisation du Québec, 2017). These tools assist decisionmakers, but the costs of implementing the recommended measures and accessing qualified experts are
barriers to their implementation. To encourage uptake of these resources, NISI has partnered with northern
organizations to develop posters and “101-style” videos that summarize each standard and provide the key
points for community infrastructure managers (Standards Council of Canada, 2020a). Northern organizations
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are playing a more prominent role in the review and revision of existing standards, and creation of new ones.
However, standards to quantify permafrost vulnerability to thaw are not broadly established or practiced
(see Section 2.1.2; Arctic Development and Adaptation to Permafrost in Transition, n.d.).

Figure 6.11: Infographic illustrating how thermosiphon foundation systems function, which ultimately aim to
stop heat from a building from damaging the permafrost located beneath it. Source: Standards Council of
Canada, 2020b.
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Flooding is another common hazard in northern communities, which were often established adjacent to
rivers and lakes in order to facilitate transportation. While overall seasonal and annual precipitation has
increased―a trend projected to continue (see Changes in Temperature and Precipitation Across Canada
chapter of Canada’s Changing Climate Report)―trends and projections indicate decreased maximum snow
water equivalent in much of the North (Mudryk et al., 2018). As a result, flood events resulting from high
snowmelt runoff are declining in some large rivers. However, more intense precipitation may generate higher
flow conditions in smaller rivers in the future, which would impact transportation infrastructure between
communities. Many communities in northern Canada are also at risk of flooding from ice jams. These can
occur in both winter and spring, and can cause extreme damage to communities and infrastructure along
rivers, as well as impacting aquatic life (Beltaos, 2008). Extreme rainfall and rain-on-snow events may result
in higher flows when ice is still present (Burn et al., 2016; Buttle et al., 2016), often leading to ice jams. In
some cases, climate change has been associated with conditions leading to ice-jam flooding (Turcotte et
al., 2019; Janowicz, 2017). In other cases, climate change has been linked to a possible reduction in the
likelihood or severity of ice jams (Das et al., 2017; Burn et al., 2016). Given the complex processes leading
to ice jam floods (e.g., Turcotte et al., 2019), local knowledge and Indigenous Knowledge, environmental
monitoring and site-specific studies will improve understanding of how climate change is influencing the
frequency and severity of ice-jam flooding.
One approach to reducing flood risk for northern communities involves the construction of engineered
structures to reduce the amount of flood water to which an area is vulnerable (Burrell et al., 2015). The
engineered dykes constructed in Dawson City, Yukon following a record flood event in May 1979 (Janowicz,
2010) are a good example of this; however, such initiatives are often reactionary responses. Moreover,
inadequate designs (e.g., Beltaos and Doyle, 1996) or maintenance protocols may lead to a false impression
of security. Beyond engineered structures, most flood reduction efforts are related to evaluating risks, like
geohazard or flood mapping initiatives (Yukon Government, 2015), or integrating climate change modelling
into flood hazard assessment (Beltaos, 2019; Lindenschmidt et al., 2016). These projects help communities
understand risk to inform development, planning and emergency measures (Moudrak and Feltmate, 2017;
Burrell et al., 2015), but may not address the risk itself. Clear documentation of how flood-related risks were
accounted for is rarely available, with a lack of regulation and transparency regarding risk disclosure acting as
barriers to implementation of flood risk management (Clark et al., 2022).
Risks of wildfire are projected to increase as a result of climate change (Erni et al., 2019; Kirchmeier-Young
et al., 2017). FireSmart®—a process that involves thinning and brushing to reduce vegetation that could fuel
fires in tree stands adjacent to residential areas—is a proven protective measure to limit the severity of fires
in northern boreal forest systems (Schroeder, 2010). FireSmart® prescriptions have not yet been applied in
all communities in the Northwest Territories and Yukon. Some northern communities are also investing in
biomass harvesting as a means to manage and thin forests surrounding residential areas, while providing a
source of energy for heating and developing new local economies (Yukon Government, 2016; Government of
Northwest Territories, 2012).
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6.5.5 Integrated planning for marine traffic
While increased ship traffic may bring economic benefits to Arctic regions (Christensen et al., 2018),
community members across the Canadian Arctic have identified increased shipping as an area of concern
that requires collaborative research and governance, including in the development of adaptation options to
address both the direct (e.g., sea ice decline) and indirect (e.g., increased ship traffic) impacts of climate
change on marine transportation (Dawson et al., 2020). Adaptation options include the development of
infrastructure like safe harbours, navigational aids and their supporting systems, increased charting, and
increased emergency response capacity and tools (related to search and rescue capabilities, as well as
environmental impacts).
The development of low-impact corridors is emerging as a collaborative approach to moderating impacts
and adapting travel through Canada’s Arctic waters. Low-impact corridors, which can be developed using
a co-management or collaborative approach, recognize areas of environmental and cultural significance
by identifying voluntary maritime routes along which infrastructure, navigational support and emergency
response services are clustered (Levitt, 2019), minimizing marine traffic in other areas. The use of local
knowledge and Indigenous Knowledge to identify preferred corridors, areas to avoid, restrictions by season,
modification of vessel operation and charting required provides an opportunity for meaningful inclusion of
northern voices in the development of such corridors (Dawson et al., 2020) and represents an innovative
approach to adaptation planning in a sector undergoing rapid change.
Other commercial interests, such as increased Arctic shipping and offshore oil and gas development, will
also require co-management partners to develop innovative approaches for assessing and managing
environmental risk (Arctic Monitoring and Assessment Programme, 2008; Inuit Circumpolar Council, 2008).
Risk assessment methodologies will become important tools for understanding high-consequence, lowprobability events, such as blow-outs and spills associated with offshore drilling and shipping (Arctic
Council, 2009). These methodologies will be used to evaluate development scenarios and resolve differences
among co-management partners. In addition, due to increasing traffic from growth in fisheries, tourism and
heightened interest in exploration, there is a growing demand for search and rescue support in the Canadian
Arctic, which puts stress on both human and financial resources (Clark et al., 2016b; Dawson et al., 2014;
Arctic Monitoring and Assessment Programme, 2008).
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6.6 Recognizing inherent capacity is key to
building climate resilience
Organizations and individuals that recognize and embrace the inherent capacity of northern communities
to adapt are key players in the pursuit of climate resilience.
Strong connections to the land, social structures that uphold community, and political environments that
enable shared decision-making enhance existing resilience. While innovative research and decision-making
partnerships signal a shift in leadership in northern Canada, the existing capacity of Indigenous Northerners
based on millennia of observations and adaptation actions too often remains overlooked.

6.6.1 Describing northern capacity
In academic discussions, capacity can be understood in many ways, including as capability and competence
(Howlett and Ramesh, 2016; Araral et al., 2015). The concept plays a substantial role in northern Canada,
where the term “capacity” appears regularly in both popular media and political discourse. In the northern
context, capacity discussions often focus on community, governance and the ability to adapt to climate
change at the local scale (Darling et al., 2018; Simon, 2017; Graham, 2016; Irlbacher-Fox and Gibson, 2010),
in addition to financial aspects. Other factors that impact capacity within communities include social justice
issues, political mandates and institutional fragmentation (Ford and Furgal, 2009; Keskitalo, 2009; Bizikova et
al., 2007).
The literature on capacity related to climate change focuses mainly on adaptive capacity—the ability of a
community or group to adapt or adjust in light of changes to the environment (Ford et al., 2015; Engle, 2011;
de Loë and Plummer, 2010). Vital components of adaptive capacity include the Indigenous Knowledge and
local knowledge held by many northerners (Pearce et al., 2015), social structures that encourage resource
sharing and mutual aid (Ayers and Forsyth, 2009), and a political landscape that encourages co-management
(Armitage et al., 2011; Dale and Armitage, 2011). It is widely appreciated that Arctic communities have high
rates of adaptive capacity and resilience (Ford et al., 2015; de Loë and Plummer, 2010). However, the ongoing
impacts on Indigenous Peoples from colonization, including marginalization, power differentials in Canadian
society and loss of land, negatively affect that capacity (Council of Canadian Academies, 2019; RamosCastillo et al 2017).
This context is also plagued by overarching questions related to colonialism, responsible conduct of
research, lack of infrastructure, and conflicting mandates or priorities (Ford et al., 2015; Cameron, 2012;
Glaas et al., 2010; Berkes and Jolly, 2001). The impacts of climate change, combined with the abovementioned pressures, have the potential to affect adaptive capacity and adaptation success, especially
among Indigenous populations (Council of Canadian Academies, 2019). The linkages between local and
higher-level governance systems can facilitate or impede adaptation through the distribution of resources,
including social services, resource rights and regulatory frameworks (Ford et al., 2015; Keskitalo, 2009;
Smit and Wandel, 2006). There is also inadequate financial capacity to respond to climate change impacts
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through adaptation actions, and this lack of capacity can limit adaptation options in northern Canada. For
example, climate change poses further challenges to Canada’s ability to fund, build and operate the country’s
infrastructure, especially in northern Canada (Clark et al., 2022).
In the North, increases in capacity can often be directly linked back to the work of small innovative groups
and sometimes even to particular individuals. Increasingly, northern leaders are being invited to participate
in the development of national standards like the Northern Infrastructure Standardization Initiative, convened
by the Standards Council of Canada (see Section 6.5.1). Northern and Indigenous representation in major
research initiatives, such as ArcticNet, PermafrostNet and the Canadian Mountain Network has also increased.
Northern expertise is being directly sought and included in national policy research (e.g., Council of Canadian
Academies, 2019; Crown-Indigenous Relations and Northern Affairs Canada, 2019; Environment and Climate
Change Canada, 2016). Governments have recognized that northern representation and continued capacity
investment in a wide range of social and economic areas is required to maintain and improve climate
resilience (Crown-Indigenous Relations and Northern Affairs Canada, 2019).

6.6.2 Research
Innovative models for research collaboration are becoming increasingly prevalent across the North, as
are calls challenging the scientific community to transform the way it conducts research and engages
with Indigenous communities in a time of reconciliation (Wong et al., 2020). Indigenous organizations
and governments are developing research strategies to ensure that research is governed, conducted,
resourced and shared in ways aligning with Indigenous priorities and values. This includes, for example,
the National Inuit Strategy on Research (Inuit Tapiriit Kanatami, 2018). At the same time, educational and
research institutions across the North are growing their capacity to lead research activities and train the
next generation of northern researchers. Northern institutions are playing a growing role in national research
networks, changing approaches to funding, governance, partnerships, and training for research in the North.
Importantly, these shifts are allowing Northerners to ask and answer research questions that are relevant to
them, to build adaptive capacity and resilience, and to identify adaptation options (see Case Story 6.8).

Case Story 6.8: The Qaujigiartiit Health Research Centre
In Nunavut, the Qaujigiartiit Health Research Centre (QHRC) promotes the concept that research can be used
as a tool for action—when one understands the scope and breadth of an issue, one is better-equipped to take
action. The Piliriqatigiinniq Partnership Model for Community Health Research (ᐱᓕᕆᖃᑎᒌᓐᓂᒃᑯᑦ ᓄᓇᓕᓐᓂ
ᐋᓐᓂᐊᖃᕐᓇᙱᑦᑐᓕᕆᓂᕐᒧᑦ ᖃᐅᔨᓴᕐᓂᖅ) was developed by the QHRC in the formative years of the Research
Centre. It was created in response to a community-identified need for health research that explores topics of
concern to Nunavummiut, the people who reside in Nunavut, and is collected, analyzed and disseminated in
a holistic and collaborative way. The Piliriqatigiinniq Partnership Model is built upon the principle that anyone
and everyone can be involved in health research in some capacity, because multi-disciplinary collaboration
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strengthens research projects, provides added perspective to data analysis, and contributes to greater
dissemination and implementation of findings across sectors.
The multi-disciplinary Piliriqatigiinniq Partnership Model contributes to building capacity in multiple sectors
across Nunavut. It also reinforces the vision for health research that acknowledges the importance of both
Western science models and Inuit Qaujimajatuqangit (Inuit traditional knowledge) in understanding and
addressing health concerns of the Nunavummiut, contributes to the generation of meaningful knowledge,
and ultimately supports progress towards improving the health of the Nunavummiut through research. The
Piliriqatigiinniq Partnership Model is used as a guide for the development of each health research project
implemented at the QHRC. This model is a reminder to look beyond the scope of what is defined as “health”
and “research” to include knowledge holders and stakeholders from other disciplines and walks of life.
For more information, see Qaujigiartiit Health Research Centre (2019).

The Inuit Health Survey is a powerful example of research designed and led by Northerners that enhances
health research capacity among Inuit and contributes to improved well-being. First conducted during the
International Polar Year in 2007–2008 and led by McGill University (Centre for Indigenous Peoples’ Nutrition
and Environment, n.d.), the survey was groundbreaking as it generated Inuit-specific health data that had not
previously been gathered on such a scale. Since the implementation of that survey, Inuit organizations have
been promoting the significance of thorough and regionally specific data for understanding Inuit health and
for making evidence-based decisions, while at the same time advancing Inuit self-determination in research.
In 2018, ITK announced the creation of the Qanuippitaa? National Inuit Health Survey (QNIHS) (Inuit
Tapiriit Kanatami, n.d.). QNIHS is the first national health survey led by Inuit, with the objective of providing
high quality, Inuit-determined and Inuit-owned data to monitor change, identify strengths and gaps, and
inform decision making, leading to improved health and wellness among Inuit in Canada. The regional
Inuit organizations are developing and implementing the QNIHS in Nunatsiavut, Nunavik, Nunavut and the
Inuvialuit Settlement Region, in collaboration with ITK. Governance structures are being created within each
region to ensure that all aspects of the survey are constructed with the input and priorities of Inuit individuals,
families and communities from across Inuit Nunangat. The QNIHS will also include an urban component,
implemented in partnership with organizations mandated to provide services for urban Inuit populations. An
urban Inuit survey will take place in Ottawa for the first survey cycle and may be expanded to other urban
centres in subsequent cycles.
As the QNIHS is Inuit-led, it uses a holistic health framework that is inclusive of physical, emotional and
mental wellness; environmental health; and Inuit social determinants of health. These important and diverse
health and well-being indicators will be monitored every five years (Inuit Tapiriit Kanatami, n.d.). Collecting
Inuit-owned health data on an ongoing basis and in a way that is designed by, and appropriate for, Inuit
will provide regional governments and organizations with evidence to inform policy and programming
decisions. Importantly, a major focus of the design of the program is creating innovative training and capacity
enhancement approaches, to ensure that the QNIHS process enhances health research capacity across Inuit
Nunangat (Inuit Tapiriit Kanatami, n.d.).
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Citizen science is also an emerging pathway to advance collaborative approaches to adaptation and policy
development (Kythreotis et al., 2019). Citizen science elevates the role of individuals and community members
in such a way that local knowledge and Indigenous Knowledge can be more directly applied in identifying
and implementing solutions. Examples include the wildlife observations project of the Dan Keyi Renewable
Resources Council (Dän Keyi Renewable Resources Council, 2019) and SIKU, the Indigenous Knowledge Social
Network (Arctic Eider Society, 2019). Distinguishing impacts caused by climate change and other forms of
human and natural disturbance allows for better prediction of what parts of a landscape or ecosystem are most
likely to shift under current and anticipated future environmental changes (Folke et al., 2004).
In recognition of the linkages between Indigenous self-determination, community health and resilience, and
citizen concern over climate and environmental change, research networks and funding bodies have been
modernizing their structures to provide greater opportunities for community-based research. In the fall of
2018, the Social Sciences and Humanities Research Council of Canada held a special call for Indigenous
Research Capacity and Reconciliation Connection Grants (Social Sciences and Humanities Research Council,
2018). Indigenous organizations were eligible award holders, to apply and manage research funds awarded
under the program. ArcticNet, a research network that studies the impacts of climate change in the Canadian
Arctic, has devoted funding to a North by North program and invested in research coordination capacity
through northern and Inuit organizations in each of the territories, as well as in Nunatsiavut and Nunavik
(Reedman, 2020). North by North is also awarding research funds directly to communities. These initiatives
have opened the door for more in-depth consideration about who the key actors are in northern research and
what role they can play in contemporary research collaboration (see Case Story 6.9). They have established
greater connections between research and action, improved research coordination and engaged diverse
stakeholders in identifying solutions for addressing fundamental issues of community resilience (Canadian
Mountain Network Yukon Initiating Group, 2017).

Case Story 6.9: Ikaarvik: Barriers to Bridges
Ikaarvik is the Inuktitut word for bridge and the intention of the Barriers to Bridges program that Ikaarvik
operates. Ikaarvik aims to build bridges between research communities and northern communities by
promoting youth involvement in research. Ikaarvik gives youth the opportunities, confidence, and experience
to explore how Inuit Knowledge and science can be combined to address northern issues. The program
empowers youth to work with their communities in identifying local research priorities and to build
relationships with researchers, government, and industry to address those priorities. By focusing on youth,
Ikaarvik is ensuring that future Inuit leaders will be familiar and comfortable with both Inuit Knowledge and
scientific research processes, thus enabling Inuit to have a strong voice in determining research priorities in
their communities across the North.
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Video 6.1: Ikaarvik: Barriers to Bridges is a program that works with Arctic youth to bridge between research and
their communities. Source: Ocean Wise, 2019. https://www.youtube.com/watch?v=cVXGM6hkbRY

6.6.3 Northern development and resilience
While much of the dialogue around climate change impacts and adaptation focuses on limiting the impacts
of undesirable changes on the environment, society and culture, climate change impacts also present new
economic opportunities. Northern development, in part facilitated by climate change through impacts such
as longer ice-free seasons and the appearance of new commercially viable harvest species, may bring
socioeconomic benefits to the North. However, there are concerns about how these benefits are distributed
and whether local communities are positively impacted (Ford and Furgal, 2009). Such economic growth has
potential to impact society and culture in ways that are often difficult to assess, anticipate and disentangle
from concurrent change.
While there is potential for increased economic activity and Arctic shipping, made possible from longer ice
free season, there are associated environmental risks (see International Dimensions chapter of the National
Issues Report; Arctic Council, 2009). Increased access to mining is providing economic opportunities, but
is also associated with remediation concerns evidenced by a long history of abandoned mines in the North
(Sandlos and Keeling, 2016; Caine and Krogman, 2010). Extractive industries also tend to experience boom
and bust periods. Increased drug and alcohol abuse, housing problems and transiency are often associated
with the boom part of the cycle, while out-migration and poverty are often associated with the bust
(Southcott, 2015).
With respect to Arctic fisheries, increases in some fish stocks and improved access due to a longer openwater season are leading to interest in commercializing fisheries that either did not exist in the past or were
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limited to subsistence use. The appearance of new fish species in Arctic waters, such as sockeye salmon in
the Beaufort Sea (Niemi et al., 2019; Irvine et al., 2009; Babaluk et al., 2000) will also lead to new demands for
commercial fishing. In response to growth in Arctic fisheries, co-management partners will need to establish
sustainable harvest levels for these stocks in Arctic waters, especially for newly arrived species and where
historical data are limited (Staples, 2013). Commercial harvesting is also adding stress on fish and wildlife
that are directly and indirectly impacted by climate change (Government of Canada, 2019b).
Some regions in the North are identifying strategies that consider economic benefit, resilience and adaptation
while integrating cultural values, Indigenous livelihoods and local modern economies. The Nunatsiavut
Government’s Department of Education and Economic Development Division runs a char fishery social
enterprise whereby Inuit fishers are allocated licenses by the Nunatsiavut Government and all the fish is
landed and processed at the fish plant in Nain. Every year, the Division provides a financial contribution to
the Torngat Fish Producers Co-operative, a local Indigenous-led business, to purchase between 10,000 and
15,000 pounds of processed Arctic char, which is then distributed to communities through the community
freezer programs (Torngat Fish Producers Cooperative, 2022). In addition to contributing to food security,
this program supports the local fishery and processing enterprise, providing employment to local fishers and
plant workers in their home communities. Notably, the community freezer programs also trade a portion of
their char for cod from NunatuKavut Community Council, contributing to diet diversity and building regional
economic collaborations.
It is not easy to prevent the negative impacts on northern communities that are inevitably associated with
the socioeconomic opportunities resulting from climate change. However, it is possible to build sustainable
resource industries in ways that benefit local communities and also provide the resources needed to build social
resiliency and health and well-being (Southcott, 2015). Modern treaties, self-government, devolution and comanagement, rigorous environmental and socioeconomic assessments and regulations, as well as corporate
responsibility are, and will continue to be, crucial requirements for advancing resiliency (Southcott, 2015).

6.7 Moving forward
While much is being done in northern Canada to adapt to our changing climate, there is a continued need to
understand the prevalence, rate and magnitude of climate change impacts on both our natural environment
and our society to enable responsive adaptation action. Some of the emerging issues identified below
warrant additional research or identify gaps in policy or adaptation responses that impair resilience. They also
present opportunities for leadership in a thriving North.
While the key messages in this chapter are broad in nature, there are several common themes related to gaps
in knowledge and emerging issues. These include: data availability; building resilience to multiple stressors;
recognition of health, well-being and societal impacts; responsive decision making and co-governance;
placing value on Indigenous Knowledge and inherent capacity; and understanding limits to adaptation.
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6.7.1 Lack of data
In virtually every topic covered in this chapter, a lack of data hampers our understanding of existing climate
change impacts, which in turn limits or influences the nature and effectiveness of adaptation action. Data to
support understanding of how human systems and the biophysical environment are responding to climate
change is lacking—for example, how new migrant species will interact with existing resident species, or how
native species will vary their responses to climate change impacts. Cascading changes, feedbacks and new
types of disturbances are emerging, but rarely is there sufficient data to understand these changes or to
project them in advance.
Integrative approaches that consider Western and Indigenous Knowledge help to expand what is regarded
as “data.” Many observations and solutions are already present in ways that governments and decisionmakers have historically not appreciated or acted upon. Holistic understanding improves in locations where
collaboration between Indigenous Knowledge holders and scientists has been successful. However, there
are still large areas, such as non-coastal areas of the Arctic Ocean where both Indigenous Knowledge and
Western scientific approaches are unable to provide complete understanding of natural systems and how
they are changing (Niemi, 2019).
In many community settings, signs of climate change impacts can be missed. For example, the frequency
of grading of a gravel road over degrading permafrost or the number of times a house on such permafrost
is levelled can give important information of how permafrost thaw is impacting a community. Likewise,
climate change-related impacts on travel safety are rarely documented in ways that can be used to support
adaptation action or even comprehensive assessments of the scope of the issue. Details regarding delayed
flights or the number of local search and rescue operations due to unusual weather or ice conditions, for
example, are rarely captured beyond anecdotal evidence; also, in cases where records are kept locally, they
have yet to be examined across northern Canada (The Standing Senate Committee on Fisheries and Oceans,
2018; Clark et al., 2016b). Developing tools, approaches and capacity to support the added effort to document
and share this information as “data” for subsequent analysis could help address the issues related to a lack of
data, but this will take significant and sustained effort.

6.7.2 Building resilience to multiple stressors
The impacts of climate change on the biophysical environment are often strongly influenced by non-climaterelated pressures, including those resulting from northern development, changing demographics, long-range
transport of chemicals and pollutants, and a diverse range of other impacts on the environment. It is recognized
that measures that build resilience are necessary regardless of whether climate change is the dominant cause
of disturbance or only one contributor. Changes to the biophysical environment are not limited to the Arctic, and
investigating impacts of northern environmental changes on other regions of the world (e.g., the relationship
between Arctic sea ice loss and mid-latitude weather) is emerging as an important issue of study (IPCC, 2019).
Communities are regularly taking action to build resilience, both in response to the impacts of climate change
and in response to other, non-climate-related stressors. This is done even in the absence of quantitative data
regarding projected changes (Meredith et al., 2019). Reflection on lived experience and reliance on the dominant
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knowledge system of the community are heavily used in most local- and regional-level decisions. Northern
communities often make projections based on their understanding of changes that have already occurred and
on what make them resilient. Instead of asking why a change is occurring, they are focused on taking tangible
actions that will create base levels of resilience. For example, trail projects help maintain access to harvest
sites and are often completed without fully examining whether a newly built or reconstructed trail will remain
resilient to future conditions. The immediate benefits of rebuilding a trail can improve resilience in the short
term even if further adaptation is needed later (Pearce et al., 2015). Meanwhile, improvements to housing,
social programming, education, community infrastructure and the reinvigoration of cultural practices improve
resilience regardless of what outside forces are impacting them. There is an important need to research, fund
and support mechanisms for social resilience.

6.7.3 Recognition of health, well-being and societal impacts of
climate change
There is a growing body of literature, much of it created in partnership with northern communities and
individuals, identifying ecological grief as an emerging mental health issue (e.g., Cunsolo et al., 2020; Cunsolo
and Ellis, 2018). Recognition of compounding mental health concerns, including those associated with
ecological grief, is leading to a call to address broader socioeconomic determinants of mental health through
increased care and support, both within and outside of the healthcare system.
Concerns associated with physical human health impacts resulting from climate change, or perceived to be
associated with climate change, are also growing. This includes concerns related to contaminant exposure
(e.g., through the consumption of wild foods that, in turn, are exposed to contaminants as a result of thawing
permafrost), food insecurity and health impacts of wildfire smoke (Rautio et al., 2020, Creed et al., 2018, Dodd
et al., 2018). There is also increasing recognition of the impacts of northern development on mental, physical,
and emotional health and well-being in communities. For example, close to 50 Indigenous communities in
Northwest Territories are downstream of oilsands production in Alberta (McCreadie, 2014). There are broad
calls for continued work to understand these impacts and the ways that they are compounded by climate
change, and to carefully examine the costs and benefits of development on community health and social
resilience (Assembly of First Nations, 2019; Inuit Tapiriit Kanatami 2019a). In recognition of the urgency
of work to address Arctic health and well-being in the face of climate change impacts, the Lancet medical
journal has convened the Lancet Commission on Arctic Health (Adams et al., 2019). Findings from the Lancet
Commission are expected in 2022.

6.7.4 Need for responsive decision making and co-governance
There are growing calls for cautious and careful exploration of the costs and benefits related to emerging
opportunities and their potential impacts on northern societies and cultures. Citizen science is evolving as an
approach to advancing collaborative approaches to climate change adaptation, and co-management boards
are proving themselves to be effective in responsive, collaborative decision making (see Section 6.5.2).
However, northern development is testing the capacity of co-management boards and communities, while the

R E G I O N A L P E R S P E CT I V E S R E P O RT
58

ability to channel Indigenous Knowledge, environmental monitoring and environmental change information
to those boards for integration into management decisions is becoming increasingly important in the pursuit
of equity among the rights-holders involved in decision making (Arngna'naaq et al., 2020). Continued work
is warranted to ensure that Indigenous Knowledge and Western knowledge are both drawn upon to inform
responsive co-management decisions, and pathways to ensure that this happens effectively must be
developed, tested, implemented and shared across the North. In addition, climate change impacts cannot be
viewed in isolation from other stressors, but there is no trusted body with a mandate to review, understand,
and recommend actions to address cumulative impacts. Efforts to understand cumulative impacts can
become polarizing when they do not fit well within existing planning or environmental review processes
(see Section 6.5.2; Blakley and Franks, 2021).
Meanwhile, new northern leadership in research is shifting and refocusing the research questions that
are being posed and investigated; this in turn is creating opportunities for new forms of collaborative
research, including Indigenous-led research following Indigenous research methodologies. Establishing
greater connections between research and action, improving research coordination within and outside of
Canada’s North, and engaging diverse stakeholders and rights-holders in identifying solutions for addressing
fundamental issues of community resilience and adaptation are all pressing issues in northern Canada.

6.7.5 Recognition of Indigenous Knowledge and inherent capacity
With an increasing reliance on co-management boards and decision-making tables, there is increasing need
to value both Indigenous Knowledge and knowledge from land users in informing responsive co-management
practices. Future adaptation initiatives will continue to be enhanced through co-learning, cooperation and the
implementation of co-management recommendations and decisions (Abram et al., 2019).
There are growing calls to stop seeking “validation” of Indigenous Knowledge using Western science
approaches, but rather to recognize Indigenous Knowledge as a distinct and equally valued knowledge
system. Northerners are expressing concerns about adequate recognition of Indigenous Knowledge in
evidence-based policy making and decision making, and are voicing a continued call for the inclusion of
Indigenous Knowledge holders and other Northerners in national policy dialogues. There is a desire to see the
inherent capacity present in Northerners, especially Indigenous Northerners, as a key tool in climate change
adaptation and sustained northern resilience (Copper Jack et al., 2020).

6.7.6 Understanding the limits of adaptation
While most of the adaptation and resilience work in the North is carried out with the goal of maintaining
and improving quality of life, the magnitude, spatial extent and pace of change will create conditions where,
in some cases, there are no economically or socially viable adaptation solutions. This is particularly true
under a high emissions future (RCP 8.5; IPCC, 2019). Even in cases where a technological solution such as
reinforcement of infrastructure may provide protection, the spatial extent of the impacts, coupled with the
small population and limited scale of economic activity in the North, limit the likelihood that such a solution
could be implemented (Council of Yukon First Nations and Assembly of First Nations, 2019, Inuit Tapiriit
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Kanatami, 2019a). In addition, cultural connections to place are very strong in most Northern communities;
this means that a solution considered appropriate in other locations, like relocation following a climaterelated disaster, may be unacceptable in a Northern context.
Even in places where drastic action such as relocation is being undertaken (Moses, 2018), Northern
conversations of the “acceptability of policy or system change” (IPCC, 2018) are deeply intertwined with the
issues of reconciliation and equity, and the resolution of social justice issues. Exploring the acceptability
of topics such as planned relocation requires time, empathetic dialogue, and a commitment to respectful
exploration of many options before decisions are finalized (Arngna'naaq et al., 2020; Inuit Tapiriit Kanatami
2018). There is no “step by step” approach for how to advance consideration of topics that society considers
unacceptable now. Despite a growing need for sensitive but realistic exploration of the limits to which
maintaining and improving current practice is sustainable, past practices by researchers and governments
can act as a barrier to taking urgent action. Many Indigenous leaders and organizations are providing
guidance that can help facilitate reconciliation and support collaborative work to initiate what promise to
be important but very challenging conversations (e.g., Wong et al., 2020, Inuit Tapiriit Kanatami, 2019a,
McGregor, 2018).

6.8 Conclusion
The 2019 report of an expert panel convened by the Council of Canadian Academies recognized climate risks
to northern communities, as well as risks to Indigenous ways of life, as among the top climate risks facing
Canada. The panel recognized “the centrality of Arctic issues and sovereignty to national and international
affairs, [elevating] the risks to Arctic areas to the national level” (Council of Canadian Academies, 2019).
Addressing climate change risks and impacts through adaptation is important to more than just the northern
communities themselves. Northern leadership and innovation will help to maintain resilience, while also
serving the interests of Canada’s Arctic sovereignty and identity. Successful adaptation in the North will help
Canada demonstrate leadership among Arctic nations.
As recognition of the broad significance of adaptation to climate change in northern Canada is growing
across the country, the conversation around northern adaptation is shifting from a focus on biophysical
impacts to one that examines complex issues such as mental health, socioeconomic equity and the inherent
right to practice traditional ways of life. Climate change impacts are felt in almost every aspect of northern
environments and populations, and often amplify existing socioeconomic issues present in Canada’s North.
While there is an absence of economic analysis on the direct and indirect costs of climate change impacts
and adaptation in the region, it is clear that costs will be substantial and cannot be borne by Northerners
alone. Questions around who will bear those costs, and how, remain.
While adaptation actions like those profiled in this chapter are underway across Canada’s North, and are
in many cases being led by northern governments and communities, there is a growing sense that the
rate of change in northern Canada is outpacing the capacity to adapt. Permanent changes to parts of the
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northern environment are either occurring or expected to occur, and these have irreversible impacts on the
generations-long ability of people to support themselves from the land, and ways that people interact with
the land, and practice traditional and chosen ways of life. The Indigenous Peoples of the North have already
endured over a century of cultural disruption and will not simply abandon traditional practices and values.
While climate change impacts reach beyond many previously experienced conditions, trust in traditional
teachings is providing sources of resilience that are not well represented in Western knowledge systems.
In much of the discourse about adaptation in Canada, there is an expression of the urgent need to act and not
to allow insufficient data or uncertainty regarding the nature or magnitude of impacts to delay that action.
However, there is an absence in this discourse about the limits of adaptation and a lack of recognition of how
to identify situations in which it may not be possible to adapt. Permanent change to the migration pattern of a
species that has been relied upon for millennia, or continued infrastructure damage to a community caused by
permafrost thaw may not be solvable through adaptation action—instead, a new way of being in the absence of
that traditional food or a relocation of key community infrastructure may be warranted. In the discourse about
climate change impacts in northern Canada, the limits of adaptation are often neglected, as is the timing of
when to begin exploring the need for a new way of being. It is time for these conversations to begin.
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