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Preface

The Special Issue “Shaping Tomorrow’s Arctic,” explores the past, present, and future of the

Arctic. Decisions made now are fundamentally shaping the multiple Arctics of 2050. This collection

of research articles, reviews, and commentaries address Arctic futures from local, national, regional,

and international perspectives, spanning a wide range of disciplines and including perspectives from

Indigenous and early career, as well as senior scholars. Special Issue authors address questions such

as: In looking forward, what can we learn from past experiences, as well as from recent responses

to change? What steps should we be taking now to lay the foundation for equitable, just and

inclusive Arctics? How might futures differ for multiple Arctic populations, economies, cultures,

and governance?

The resulting scope of “Shaping Tomorrow’s Arctic” extends from the need to restructure

approaches to societal and economic equity, to ways to build capacity for adaptation, knowledge

co-production for resilient futures, and Arctic-global repercussions. The articles present enduring

foundations for future research and decision-making that can guide us through this complexity,

to think ahead, co-produce approaches, and try to make the better choices—not just for us and

now—rather systematically, for the most vulnerable, and into the future. We know our prior paths

have led us to the uncertain present and a perilous future. It is time to make intentional choices to

shape thriving Arctic futures.

Stephanie Pfirman, Gail Fondahl, Grete K. Hovelsrud, and Tero Mustonen

Editors
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Shaping Tomorrow’s Arctic

Stephanie Pfirman 1,* , Gail Fondahl 2 , Grete K. Hovelsrud 3 and Tero Mustonen 4

1 College of Global Futures, Arizona State University, Tempe, AZ 85281, USA
2 Department of Geography, Earth and Environmental Sciences, University of Northern British Columbia,

Prince George, BC V2N 4Z9, Canada
3 Nordland Research Institute and Nord University, 8049 Bodø, Norway
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This Special Issue “Shaping Tomorrow’s Arctic” explores the past, present and future
of Arctic sustainability. Decisions made now are fundamentally shaping the multiple
Arctics of 2050. In looking forward, what can we learn from past experiences, as well
as from recent responses to change? What steps should we be taking now to lay the
foundation for equitable, just and inclusive Arctics? How might futures differ for multiple
Arctic populations, economies, cultures and governance (Figure 1)? These are some of the
profound questions we ask in this Special Issue.

We invited contributions that advance our understanding of Arctic sustainability
from all disciplines, and from local, national, regional, and international perspectives. We
were eager to include commentaries as well as research articles and reviews. The com-
munity responded with a range of analyses and perspectives, including from Indigenous
and early career, as well as senior, scholars. As a result, the scope of “Shaping Tomor-
row’s Arctic” extends from the need to restructure for societal and economic equity, to
ways to build capacity for adaptation, knowledge co-production for resilient futures, and
Arctic-global repercussions.

Restructuring for Societal and Economic Equity

Exploring differential national relationships to their Arctic regions and communities,
Young [1] asks “ . . . do we need to acknowledge that the Arctic encompasses a number of
different subregions whose futures may diverge more or less profoundly?” He continues:
“ . . . some observers take the view that we need to think more about future Arctics than
about Arctic futures”. While people living in the northern regions of Finland, Norway, and
Sweden are comparatively more integrated with their southern compatriots, the Arctic has
historically been viewed as a region distinct from the rest of the country and more of a
hinterland for Russia, Canada and especially the United States [1]. Huntington [2] reflects
on the legacies of colonialism that are pervasive in many regions of the Arctic. The Sámi,
the Indigenous people of Fennoscandia, along with the Indigenous peoples of the Russian
North, the Inuit, Aleut, Gwich’in and Innu of the North American Arctic, and the Kalaallit
of Greenland, have all been exposed to aggressive colonial practices that led to assimilation,
loss of land, language, and culture. Colonization and the initiation of trade routes situated
much of the Arctic at the “mercy of distant market forces, on which the Arctic had little or
no influence” [2].

Both now and in the future, another outside force—climate change—is reshaping
the Arctic, including the environment, societies, and development. Young [1] notes: “A
striking feature of this development is the strengthening of linkages between the Arctic
and the outside world”. As we head towards those futures, Huntington [2] points out
that: “The current path is one of incremental and reactive compromise, which leads not
to sustainability, but to an inevitable decline”. He proposes instead that “ . . . perhaps
shaping tomorrow’s Arctic should be reframed as creating the conditions that will allow
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tomorrow’s Arctic the greatest scope for shaping itself”. Huntington [2] calls for a core
commitment to equity, “specifically a commitment to living equitably within the social and
ecological bounds of the Arctic, from which specific policies and actions can be developed
and adjusted as needed”.

 

Figure 1. Sidney: “My picture shows what I think it will look like in the future. It might be like a city”. The
visions of the children as painted tell of a future of multiple-coloured snow, sea level rise, urbanisation and houses of
distinct colours—reflecting multiple pathways for this strong Norton Sound community might take in the future.
Sidney, an Indigenous Alaskan child from Unalakleet, drew the future of his home community as a part
of Snowchange community work in 2020, showing the awareness and issues the youth of the Arctic
have today. (c) Snowchange, used with permission. http://www.snowchange.org/2020/02/children-
of-unalakleet-alaska-paint-their-future-2020/ (accessed on 23 September 2022).

Oddsdóttir et al. [3] stress the need to focus on equity, specifically as related to gender.
They point out that “ . . . economic development throughout much of the region affects
men and women differently. It is a cause for concern that future development in the
North, for the most part, focuses on traditional male sectors such as oil and gas, mining,
shipping, and tertiary industrial development”. They raise the issue that if we are not
sensitive to gender and other inequalities, we can inadvertently exacerbate vulnerability:
“Adaptation to climate change, in Arctic research and policy, should thus be reframed to
systematically account for health, education, food security, and Arctic economies, all of
which are simultaneously differentiated by gender”. They call for “ . . . evaluating the
effects of all actions, policies, and programmes on all genders to ensure that decisions do
not perpetuate existing inequalities and create new ones”.

Rozanova-Smith [4] takes up the youth perspective, with a focus on two Russian cities,
and with applications across the Arctic. Through her research she found that “the Arctic
communities face tremendous risks associated with youth “flight”, making their future
social sustainability uncertain”. She calls for “ . . . the engagement of young people in

2
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defining problems and drawing up policies is vital to allow younger generations to have
control over their own futures in the Arctic and responsibility for the future and social
sustainability of their communities” [4].

Building Capacity for Adaptation

How do we build capacity to adapt to changes in ways that will set the stage for both
Arctic communities and environmental systems to thrive? National and international inter-
est in Arctic renewable and non-renewable resources continues to grow, posing challenges
to local, regional and larger-scale adaptation strategies, while path-dependencies confound
urgently needed transformations. Yet opportunities exist both for restoring time-honored
traditional practices and fostering new ones that address socio-cultural and environmental
adaptation requisites.

Tackling this question of capacity-building requires understanding and dealing with
systemic issues caused by colonialist legacies. Tabata [5] considers contributions of natural
resource extraction, focusing on mining, oil and diamonds, to the economic development
of the Sakha Republic, in Russia. Mustonen and Van Dam [6] observe that in Alaska
dependencies on cash economies and firearms, as well as epidemics and the takeover of
resources and cultural practices, contribute to the loss of self-governance. The consequence
is that “mining, energy and infrastructure projects have thoroughly altered the . . . land
and lifescapes” [7].

Focusing on the perspective of wild reindeer and their interconnections with biological,
cultural and linguistic diversity as well as food security, Mustonen et al. [7] observe

Traditional skills do not necessarily disappear during industrial modernization.
Instead, in certain encouraging conditions, they can re-emerge and pave routes
to endemic futures”. The conditions they derive for successful emplacement:
(1) surviving natural core ecosystems, (2) engagement with cultural landscape
knowledge including social-ecological networks) and (3) agency to renew en-
demic links and direct adaptation, can be considered a framework for post-
extractive futures across the Arctic. [7]

Furthermore, Mustonen and Van Dam [6] position “Indigenous resurgence, restoration
and wisdom” as necessary to thriving futures in the face of climate change.

Fresco et al. [8] also focus on Alaska, but explore the potential for farming and gardening
through the lens of “cultivating opportunities” in the face of climate change. They find

. . . many new possible avenues for expansion of Alaska’s agricultural potential
at the local scale”. . . . “Especially in the context of climate-related agricultural
uncertainty, challenges in other regions and possible climate-related needs for
greater local autonomy (due to disruptions in supply chains and/or reduced
use of fossil fuels for transportation of crops), and the need to diversify Alaska’s
economy [offer] new opportunities for farms and gardens . . . [8]

Knowledge Co-Production for Resilient Futures

Wilson [9] observes that “Balancing community-based and community-driven research
with the academic freedom to pursue curiosity-driven research will be a difficult and
increasingly contentious task in the future . . . There is both room and a need for both types
of research”. Historically, both types of Arctic research were controlled and dominated
by scholars, funding, and publication venues partly outside the Arctic. With respect to
community-relevant research, “ . . . we have seen a profound shift in attitudes on the part
of academic researchers from being in control of the research process from start to finish, to
co-producing research with local partners and conducting research that meets the needs of
communities” [9].

Degai et al. [10] raise the critical question with respect to “securing a sustainable Arctic
tomorrow. Ultimately, we call on individual researchers to ask themselves: what can I do to
make this happen?” They call out the need for a more just understanding of co-production,
stating that “Co-production should imply co-identification of research needs, co-creation

3
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of research ideas, co-design of research questions, co-definition of research objectives, co-
development of research programs, co-authorship of research results, co-implementation
of research projects and co-evaluation of research outcomes” [10].

Turning attention to the critical issue of broadening education about the Arctic, Wilson [9]
observes that:

One of the most important roles played by post-secondary educators and, indeed,
one that is often overlooked is to inform post-secondary students and the broader
public about the issues confronting the North. . . . It may seem like a very small
and inconsequential act compared to the important work being done in the North
by organizations and governments but raising awareness about the North among
students, a group of people who will be the country’s future political leaders,
businesspeople, activists and citizens, will pay dividends in the years ahead. [9]

Perrin et al.’s [11] contribution focuses on integration of research advances into policies,
actions and decision-making. “Engaging stakeholders that will be involved in incorporating
results into decisions or programs during early stages of project development can promote
knowledge transfer later in the project” [11].

Arctic-Global Repercussions

Schlosser et al. [12] and Bodansky and Pomerance [13] argue that while most people
in the world outside the Arctic do not realize it, their current and future livelihoods and
circumstances are now vulnerable to an increasingly forceful and erratic warming Arctic.
“The unraveling of the Arctic is bad enough for the Arctic itself, but it will have enormous
consequences for the entire planet since the Arctic is a crucial component of the global
climate system” [13].

Both papers argue for aggressive action. As Schlosser et al. [12] put it “We are now in
the decisive decade concerning the future we leave behind for the next generations. The
Arctic’s future depends on global action, and in turn, the Arctic plays a critical role in the
global future”. Schlosser et al. [12] focus on the critical need for investment in scaling up
carbon capture and sequestration in order to reduce the rate and magnitude of warming.

Bodansky and Pomerance [13] are concerned that even scaling up decarbonation may
not happen fast enough, and that we need more tools that we can deploy:

Most of the emission pathways considered by the IPCC to achieve the 1.5 ◦C
target assume that we will initially overshoot the target and then need negative
emissions to bring temperature back down. The problem is that some of the
harm from overshoot will be effectively irreversible in meaningful time frames,
such as the release of carbon dioxide and methane from thawing permafrost
and the disappearance of Greenland and other Arctic—as well as Antarctic and
mid-latitude—glaciers . . .

Solar climate intervention is perhaps the most controversial proposal to address
climate change but may be the only means of cooling the earth quickly enough to save
the Arctic. [13]

Looking Ahead

The concept that we could ‘Shape Tomorrow’s Arctic’ seems at odds with the extraordi-
nary complexities facing the world today—global pandemic, Russian invasion of the Ukraine,
as well as climate change breaking record after record for heat waves, floods, fires, etc.

Yet this is exactly what these articles are about. They present enduring foundations
for future research and decision-making that can guide us through this complexity, to think
ahead, co-produce approaches, and try to make the better choices—not just for us and
now—rather systematically, for the most vulnerable, and into the future.

But things are changing far too slowly. We are literally losing ground, as the Arctic
thaws and melts. Some attribute this to a mismatch between those who know and those
who decide, others attribute it to timescales in decision-making processes, and others to

4
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inertia where the path of least resistance is the path that is easiest to follow. These all are
true, and yet they don’t have to be. We know our prior paths have led us to the uncertain
present and a perilous future. It is time to make intentional choices to shape thriving
Arctic futures.

Funding: Pfirman: This research was partially funded by the U.S. National Science Foundation award
1928235, ARCNAV: Arctic Robust Communities-Navigating Adaptation to Variability. Hovelsrud:
This research was partially funded by the Research Council of Norway, Grant number: 302914;
and FACE-IT which has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No. 869154. www.face-it-project.eu.
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Abstract: Is the Arctic sufficiently distinctive and uniform to justify adopting a holistic perspective in
thinking about the future of the region? Or do we need to acknowledge that the Arctic encompasses a
number of different subregions whose futures may diverge more or less profoundly? In the aftermath
of the Cold War, a view of the Arctic as a distinctive region with a policy agenda of its own arose in
many quarters and played a prominent role in shaping initiatives such as the launching of the Arctic
Environmental Protection Strategy in 1991 and the creation of the Arctic Council in 1996. Yet not
everyone found this perspective persuasive at the time, and more recent developments have raised
new questions about the usefulness of this perspective as a basis for thinking about the future of the
Arctic. As a result, some observers take the view that we need to think more about future Arctics than
about Arctic futures. Yet, today, climate change provides a central thread tying together multiple
perspectives on the Arctic. The dramatic onset of climate change has turned the Arctic into the
frontline with regard to the challenges of adapting to a changing biophysical setting. Ironically, the
impacts of climate change also have increased the accessibility of massive reserves of hydrocarbons
located in the Arctic, contributing to a feedback loop accelerating climate change. This means that
the future of the Arctic will reflect the interplay between efforts to address the biophysical and
socioeconomic consequences of climate change on the one hand and the influence of the driving
forces underlying the political economy of energy development on the other.

Keywords: adaptation; climate change; energy development; tipping elements

Is the Arctic sufficiently distinctive and uniform to justify adopting a holistic perspec-
tive in thinking about the future of the region? Or do we need to recognize that the Arctic
encompasses a number of different subregions that may follow different trajectories in
the future? Are we concerned, in other words, with Arctic futures or with what may be
thought of more accurately as future Arctics? In this reflective essay, I offer some responses
to these questions based on my own engagement with Arctic affairs starting in the 1970s.
What emerges is a view of the future of the region linked to the consequences of climate
change in the high latitudes of the northern hemisphere.

1. The Arctic Region

Those of us who developed and promoted the idea of the “Age of the Arctic” during
the 1980s grounded our thinking about the future of the northern hemisphere’s high
latitudes in two major premises [1]. We argued, to begin with, that it was reasonable to
approach the Arctic in holistic terms, treating the entire circumpolar North as a spatially
delimited area exhibiting enough common features to be treated as an international region
in much the same way that we treat Africa, the Middle East, and Southeast Asia as regions.
Obviously, such regions are not sealed off from the rest of the world, especially in an era
marked by globalization and the rise of digital technologies. However, the prominence of
commonalities justifies treating them as regions, especially when we think about issues
arising in the realm of public policy that have a distinctive regional character. We asserted,
in addition, that while the Arctic had been an important theater of operations for strategic
weapons systems during the Cold War, the region was not itself a locus of serious conflicts
between or among states. As the Cold War faded, we anticipated, the region would emerge
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as an area in which efforts to promote cooperation could unfold somewhat outside the
main currents of world affairs.

Taken together, these premises led us to conclude that the Arctic had a policy agenda
of its own featuring issues of environmental protection and, more broadly, sustainable
development and that we could and should launch cooperative responses to these issues,
regardless of the course of tensions or conflicts arising in other regions [2]. For various
reasons, this perspective took root in the thinking of members of the policy communities of
the Arctic states and especially among leaders in Canada, Finland, and Russia [3]. It evolved
into a narrative underpinning the creation of the Arctic Environmental Protection Strategy
in 1991 followed by the launching of the Arctic Council in 1996 [4]. Often characterized
as the “Arctic zone of peace” narrative, this perspective shaped the practices of the Arctic
Council; it continues to inform the efforts of many of those interested in Arctic affairs today.

Yet, others are raising critical questions about the validity of this perspective as a
roadmap for the work of the Arctic Council and as a guide to thinking about the future of
the Arctic region more generally. The most thoughtful critics are not only questioning the
extent to which this narrative is helpful as a framing device in assessing the future of the
region; they are also asking searching questions about the extent to which the narrative
provided a realistic picture regarding Arctic affairs even in the 1990s. This has brought into
focus a consideration of the role of social construction as a central feature of any effort to
frame complex issues in ways that make them tractable for consideration in policy arenas
and an assessment of alternative perspectives on the past, present, and future of the Arctic
in particular [5]. What is the significance of these observations for those contemplating
Arctic futures?

2. A Uniform Arctic?

Consider first the idea of treating the circumpolar North as an area with enough in
common to justify treating it as a distinct region. No doubt, it is correct to say that the
Arctic is composed in large measure of remote segments of states whose centers of gravity
lie far to the South, that the region is a homeland for numerous groups of Indigenous
peoples struggling to maintain the integrity of their cultures and communities in an era
of rapid change, and that it is an object of interest to outsiders first and foremost as a
source of the raw materials needed to fuel the engines of industrial societies. Nevertheless,
differences among the various sectors of the Arctic are also apparent, and these differences
have far-reaching implications for how we organize our thinking about the future of the
relevant areas.

The Arctic segments of Finland, Norway, and Sweden enjoy a surprisingly moderate
climate due to the impact of the North Atlantic Drift. They constitute the homeland of the
Sami people, but they have sizable and settled populations of non-Indigenous residents,
and they are fully integrated into the social welfare systems of Scandinavia. What is more,
these are not recent developments; there have been strong ties between the northern and
southern segments of these countries for centuries. As a result, it makes little sense in
considering the future of this area to employ the concept of hinterlands as the term is used
in discussions of core-periphery relations or internal colonialism. Life in Tromsø does not
differ fundamentally from life in Oslo; the same is true with regard to Umeå and Stockholm
or Rovaniemi and Helsinki. This accounts for the resistance of many Scandinavians to
recent characterizations of the entire Arctic as a coherent and broadly homogeneous region.
It explains the development of the idea of the “Old North” as a point of departure for an
alternative narrative to employ in efforts to make sense of the past, present, and future of
this sector of the Arctic [6].

The North and the Arctic (the two terms are sometimes differentiated in Russian
thinking) have loomed large in Russian history and culture for centuries. The associations
have not always been happy ones. Convict labor played a major role in Russian (and
Soviet) efforts to develop the North. There is a long history of banishing dissidents to
remote corners of Siberia; the gulags operating under Arctic conditions in the Russian Far
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East were notorious. Nevertheless, the North looms large in most accounts of Russian
history. Today, Russia is home to about half of the region’s human residents, the majority
of whom are settlers in contrast to Indigenous peoples. There is a sense in which Russia
is the preeminent Arctic country, and the North remains prominent in Russian thinking,
perhaps even more so following the disintegration of the Soviet Union. As a consequence, a
number of former Soviet republics with little or no orientation toward the Arctic went their
separate ways as independent countries, leaving Russia itself with a more pronounced
northern orientation. In rebuilding its economy and reasserting its claim to great-power
status, Russia has prioritized the development of the world-class reserves of natural gas
in the Arctic, the promotion of the Northern Sea Route as a major artery for commercial
shipping, and the strengthening of its armed forces based in the Arctic [7]. Nowhere else
does the future of the Arctic figure as prominently in thinking about the future of an entire
society as it does in Russia.

The Arctic sectors of Canada and the United States, by contrast, lend themselves more
easily to consideration as hinterlands or peripheries. Arctic Canada is sparsely populated,
provides a homeland for Aboriginal peoples, and contains raw materials of interest to
southern-based corporations. In recent decades, the government of Canada has worked
hard to develop enlightened policies in its dealings with the Aboriginal peoples of the
Canadian Arctic. Still, the Arctic is a remote place that has little to do with the day-to-day
lives of most ordinary Canadians residing in the country’s southern reaches, despite their
fondness for the idea of the “true North strong and free”. For most Americans, Alaska
is almost an afterthought. Often derided as “Seward’s folly” at the time of its purchase
from Russia in 1867 and of interest mainly to those concerned with military security, the
extraction of raw materials, and the protection of wilderness areas, the American Arctic
does not loom large in the national consciousness. None of this is to deny the legitimate
claims of Canada and the United States to be acknowledged as Arctic states. Still, the
contrast between the North American Arctic and the thriving social welfare systems of
Scandinavia and the central place of the North in the culture and political economy of
Russia is striking. Thus, it is not hard to see why many observers are skeptical about the
practice of lumping these areas together as components of a relatively homogeneous or
uniform Arctic region.

In this account of similarities and differences among the various parts of the Arctic,
Greenland stands out as a special case [8]. As a longstanding Danish colony, Greenland has
developed a Scandinavian social welfare system along with economic and political systems
that are distinctly European in origin. Yet, most Greenlanders are ethnically Inuit and have
strong ties to their Inuit brethren spread across the Canadian North, Alaska, and onward
to Chukotka. Today, Greenland has developed a thriving political system of its own and is
preoccupied with the issue of whether there is a way to develop the economic base needed
to support severing its remaining ties with Denmark, establishing itself as an independent,
wholly Arctic, and largely Indigenous polity. For its part, Denmark has acknowledged
increasingly that its claim to the status of an Arctic state rests with the role of Greenland in
Arctic affairs. Denmark announced recently, for example, that Greenland will take the lead
henceforth in representing Denmark in the Arctic Council. As the turmoil stirred up by US
President Trump’s summer 2019 expression of interest in buying Greenland made clear, the
future of Greenland itself is linked to shifting relationships among the great powers and the
securitization of the general discourse regarding developments in the Arctic. Nevertheless,
efforts to come to terms with the issues relating to Greenland’s political and legal status
dominate the discourse on public affairs within Greenland itself.

3. A Peaceful Arctic?

If the premise underlying the holistic view of the circumpolar Arctic as an interna-
tional region is open to question when we start to look more closely at the circumstances
of particular segments of the Arctic, so too is the premise regarding the Arctic as an oa-
sis of peace in a turbulent world. Most disagreements about Arctic matters center on

8



Sustainability 2021, 13, 9420

disputes about the delimitation of jurisdictional boundaries or the interpretation of the
provisions of international agreements as applied to specific situations. Canada, Denmark,
and Russia have submitted overlapping claims regarding jurisdiction over the seabed
extending into the Arctic Ocean beyond the limits of their Exclusive Economic Zones to
the UN Commission on the Limits of the Continental Shelf pursuant to the provisions of
UNCLOS Article 76. Canada and the United States disagree about the delimitation of their
boundary in the Beaufort Sea and about the application of the provisions of UNCLOS
Article 37 regarding transit passage to ships plying the waters of the Northwest Passage. A
number of signatories to the 1920 Treaty of Paris dealing with the Svalbard Archipelago
take the view that Norway’s Svalbard Fisheries Protection Zone is incompatible with the
provisions of the treaty.

Yet, there is no reason to expect these disagreements to trigger armed clashes in the
Arctic. In the 2008 Ilulissat Declaration, the five Arctic coastal states asserted their primacy
in matters pertaining to the Arctic and pledged to address any conflicts regarding such
matters in a peaceful manner. Canada, Denmark, and Russia have said repeatedly that
they will deal with their disagreements about jurisdiction over the seabed of the Arctic
Basin peacefully and in accordance with the provisions of UNCLOS Article 76. There
is no reason to doubt the sincerity of these statements. Canada and the United States
signed an agreement in 1988 agreeing to disagree with regard to their divergent views on
the applicability of the provisions of Article 37 to the waters of the Northwest Passage.
Nothing has happened that is likely to destabilize this agreement. Norway and Russia
were able to negotiate a treaty in 2010 resolving their differences concerning jurisdiction in
the Barents Sea and formalizing a suite of cooperative arrangements relating to issues of
common interest in this area. No one expects the disagreements regarding the provisions of
the Treaty of Paris to erupt into a major conflict over the waters surrounding the Svalbard
Archipelago. On the contrary, key players are taking steps to strengthen international
cooperation regarding emerging Arctic issues. For example, the 2018 Central Arctic Ocean
Fisheries Agreement, a legally binding arrangement committing the five Arctic coastal
states and five others to pursuing a precautionary approach to activities likely to affect
marine areas lying beyond national jurisdiction, entered into force in June 2021. In contrast
to regions such as the Middle East and Southeast Asia, the Arctic seems largely devoid of
severe regional conflicts of the sort that could trigger armed clashes.

Still, there is another side to this story that has important implications for the future
of the Arctic, especially in the minds of those who see efforts on the part of major actors
to maximize relative power and the role of geopolitical factors as the principal drivers of
world affairs. To begin with, the use of the Arctic as a theater of operations for strategic
weapons systems has never ceased. As Russia seeks to reclaim its status as a great power, it
has upgraded the capabilities of the Northern Fleet based on the Kola Peninsula with more
sophisticated ships and weapons systems; it has reopened and in some cases expanded
military installations abandoned or closed following the collapse of the Soviet Union in the
1990s. Pursuing its objectives mainly through economic initiatives and developing the idea
of the Polar Silk Road as a component of its overarching Belt and Road Initiative, China
has described itself as a “near-Arctic state” and signaled a clear interest in becoming a
significant player in Arctic affairs. The United States has responded to these developments
aggressively, deploying the reactivated 2nd Fleet to the Barents Sea, mobilizing war games
with an Arctic focus, authorizing the construction of new icebreakers, and initiating plans
for upgrading the capacity of its armed forces to operate under Arctic conditions. There
are significant disagreements regarding the motivations underlying all these activities.
Although no one interprets them as responses to conflicts arising in the Arctic itself, it
is reasonable to take note of the increased danger of inadvertent or unintended clashes
occurring in the region, an observation underlying the suggestions that there is a need to
(re)open lines of communication among leaders of armed forces and to encourage efforts
to develop informal codes of conduct governing the deployment of military assets in the
Arctic [9].
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When it comes to thinking about the future of the Arctic, a disturbing aspect of these
developments is the rise of a neo-realist Arctic narrative emphasizing the return of great-
power politics to the region and asserting that the Arctic is undergoing a transition form
a zone of peace to a zone of conflict [10]. Such views are particularly prominent in the
writings of international relations scholars with a newfound interest in the Arctic and the
reports of journalists endeavoring to capture the attention of readers with provocative
images. However, they also are showing up in the pronouncements of prominent public
officials. In a major speech preceding the May 2019 Ministerial Meeting of the Arctic
Council, for example, the US Secretary of State asserted that “the region has become an
area of global power and competition”. He went on to say that, in response, the U.S. is
“hosting military exercises, strengthening our force presence, rebuilding our icebreaker
fleet, expanding Coast Guard funding, and creating a new senior military post for Arctic
affairs” [11].

This great-power politics narrative provides a rationale for advocates of acting vig-
orously to enhance the capacity to exercise hard power in the region in contrast to the
emphasis on softer forms of influence associated with the Arctic Council’s vision of the
Arctic as an area of unique international cooperation [12–14]. Like all policy narratives, this
one features an effort to construct a coherent story in which selected observations about the
actions of various players are assembled around a few guiding premises. There are good
reasons to adopt a skeptical view regarding the persuasiveness of the great-power politics
narrative. However, to the extent that this narrative captures the attention of members of
the policy community and of those who shape the content of the public discourse about
Arctic affairs, the influence of this Arctic zone of conflict narrative will grow, whether or
not the premises on which it is built are persuasive. The result will be a securitization of
the discourse regarding Arctic affairs and the development of a perspective on the future
of the Arctic that differs sharply from the perspective embedded in the practices of the
Arctic Council.

4. A “New” Arctic?

Some may draw the inference from this account that we ought to be thinking about
future Arctics or the globalization of the Arctic rather than about the future of the Arctic as
a distinctive region in our efforts to think carefully about what lies ahead for the lands and
waters of the high latitudes of the northern hemisphere and for the peoples who reside
there. It is hard to find a central thread linking the concerns of those seeking to come
to terms with the economic crisis of the State of Alaska, the complex political future of
Greenland, the Atlantification of the Barents Sea, and the extraction of the massive deposits
of natural gas in Northwestern Siberia and the adjacent waters of the Kara Sea. At the same
time, some see the Arctic as an increasingly prominent arena in the global competition
among China, Russia, and the USA. These are all legitimate concerns; they occupy the
attention of many who have no particular concern about the consequences of their actions
for the future of the Arctic as a distinctive international region. Yet there is another stream
of developments now unfolding at an accelerating pace on a circumpolar basis that raise
profound questions about the sustainability of both the biophysical systems and the human
systems of the whole Arctic and that suggest an alternative perspective on the future of the
Arctic. Many associate this perspective with the idea of a “new” Arctic [15].

Taken together, Arctic marine and terrestrial systems constitute ground zero with
regard to the onset of climate change [16–19]. Surface temperatures in the Arctic are
rising at a rate that has reached three times the rate of change in surface temperatures
anywhere else on the planet. Sea ice in the Arctic is receding and thinning at a dramatic
pace. Experts now expect that the Arctic Basin will be essentially ice free for some part
of the year within two to three decades. Permafrost is thawing at an accelerating rate
not only compromising all sorts of infrastructure in the Arctic but also introducing the
prospect of large releases of carbon dioxide and methane sequestered in permafrost in the
tundra and in methane clathrates in shallow coastal waters in the Arctic. Wildfires are
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raging unchecked on an unprecedented scale both in Siberia and in the North American
Arctic; some of them burn year around and affect tens of thousands of square kilometers.
These developments are changing large ecosystems in ways that are leading to major shifts
in the spatial distribution of fish stocks and in the health of populations of marine and
terrestrial wildlife. As many observers have concluded, we are now facing a global climate
emergency, and the consequences of this looming crisis are nowhere more apparent than
they are in the Arctic.

The resultant challenges to the human communities of the Arctic are diverse in some
respects. Some coastal communities, for example, are facing an urgent need to relocate as a
consequence of severe coastal erosion making their current locations untenable. Others are
confronted with growing threats arising from unprecedented flooding and the devastation
caused by massive fires. Still others have to find ways to cope with major changes in the
abundance and distribution of living resources critical to their livelihoods. From another
perspective, however, all Arctic communities face common challenges of adapting to an
environment that is not only changing rapidly but also prone to non-linear changes that
are difficult to anticipate with any precision. What this means is that the key to the future
of human settlements in the Arctic is not an issue of sustaining arrangements that are
already in place but rather a matter of introducing dramatic adaptive measures in a timely
manner, without compromising the quality of life of their inhabitants [20]. Although
the nature of the specific measures required to achieve this goal will differ from place to
place, the cultural, economic, political, and social dimensions of adaptation as a societal
process have much in common regardless of the distinctive features of the settings in
which adaptations to the onset of climate change occur. This suggests that efforts to devise
effective adaptation strategies will constitute a central theme with regard to the future
of all sectors of the Arctic and that this will provide opportunities to explore the value
of cooperative initiatives on a circumpolar basis. At a minimum, those concerned with
adaptation to the impacts of climate change in the high latitudes will find it useful to
compare notes about the effectiveness of specific responses on a regular basis and perhaps
to develop a clearinghouse providing access to information on the results of measures
that have been implemented in specific places and to advice for those dealing with similar
challenges in other places. The Arctic Council may be able to play a constructive role in
this realm [21].

Ironically, the impacts of climate change also have made the Arctic increasingly acces-
sible to those motivated by the economic and political attractions of launching largescale
projects aimed at exploiting the natural resources of the region. The most dramatic example
so far is the development of the massive deposits of natural gas located in Northwestern
Siberia and the adjacent sector of the Kara Sea. Already, large shipments of liquefied
natural gas are moving from the new port of Sabetta on the Yamal Peninsula westward to
European markets and eastward to Asian markets. And major players, including interna-
tional investors such as France’s TotalEnergies and China’s CNPC, as well as the Russian
companies Novatek and Gazprom, are taking vigorous steps to accelerate the exploitation
of what we have come to realize are massive reserves of natural gas in northwestern Siberia
and the adjacent marine areas. Realistic assessments now treat this sector of the Arctic
as an area rivaling the Middle East or the Gulf of Mexico as a source of hydrocarbons.
Enhanced interest in exploiting the raw materials of the Arctic is apparent in other areas as
well, including Alaska, Canada, Norway, and the Russian Far East. A fierce debate over the
pros and cons of developing major deposits of rare earths and uranium became the focus
of the April 2021 election in Greenland, for example, leading to the fall of the incumbent
government and its replacement by a coalition led by the former opposition party.

A striking feature of this development is the strengthening of linkages between the
Arctic and the outside world. China has displayed a growing interest in the Arctic as
an economic frontier, exploring opportunities to invest in Arctic projects, developing the
idea of the Polar Silk Road, and incorporating the Arctic into its globe-spanning Belt and
Road Initiative. European and Japanese investors have become prominent stakeholders
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in projects focused on hardrock minerals in the Arctic as well as Arctic gas and oil. Ko-
rean firms such as DSME have taken the lead in the construction of a new class of LNG
tankers that are now delivering natural gas from the Russian Arctic to markets in both
Europe and Asia. Commercial shipping in the Arctic is growing accordingly. While this
development has focused so far on destinational shipping associated with the transport of
natural resources such as natural gas to non-Arctic markets, some major players foresee
opportunities arising from the continued impact of climate change to open sea routes in
the Arctic linking markets in Asia and Europe.

Of course, Arctic developments constitute only one determinant of the trajectory of
both climate change and other change agents operating on a global scale. However, it is
hard to miss the disconnect between the spreading crisis of adaptation in the Arctic on the
one hand and the sharp rise of energy development and related industrial activities in the
Arctic made possible by the impacts of climate change on the other.

5. A Paradoxical Future?

With all due respect to differences among the forces shaping the future of specific
segments of the Arctic, therefore, there is a sense in which the future of the region as a
whole will be determined by how we come to terms with a striking paradox. Nowhere on
Earth are the impacts of climate change more dramatic and intensifying more rapidly than
they are in the Arctic. As a result, both the biophysical systems and the human systems of
the region are experiencing transformative changes, with consequences extending outward
to the rest of the Earth system and triggering feedback processes affecting the Arctic. One
of these changes centers on the increasing accessibility of the Arctic’s massive deposits of
hydrocarbons that are attractive to powerful players driven both by economic incentives
and by political interests. However, extracting the Arctic’s hydrocarbons and delivering
them to the industrial societies of the outside world will contribute to sustaining, perhaps
even increasing, emissions of the principal greenhouse gases that are the drivers of climate
change. A particular concern in this regard stems from the fact that the extraction and
shipment of nature gas leads to the release of methane, a dangerous short-lived climate
pollutant [22]. The result is the prospect of a future dominated by a powerful feedback loop
in which climate change increases the accessibility of hydrocarbons whose exploitation
contributes to a continuation and perhaps an acceleration of the pace of climate change.
Under the circumstances, familiar narratives such as the Arctic as a zone of peace or as a
zone of conflict may become outmoded, overwhelmed by the force of this juggernaut.

Notable in this regard is an apparent inability or at least unwillingness of those who
think about the future of the Arctic to come to terms with the tension between the elements
of this paradox. There is a sizable community of people who focus on the impacts of
climate change in the Arctic and the consequences for the Earth’s climate system. There is
an equally large community of people who are concerned with the economics and politics of
the extraction of the Arctic’s energy resources and the options for shipping these resources
to outside markets. However, there is a striking disconnect between these communities.
There is little overlap in the membership of the two communities; the discourses arising
from the deliberations of their members have almost nothing in common, and individual
members seldom engage in a focused effort to explore, much less to come to terms with,
this paradox. Yet the future of the Arctic may well depend on efforts to address the tension
between the increasingly severe biophysical and socioeconomic impacts of climate change
on the region on the one hand and the forces driving the political economy of largescale
projects focused on extracting and shipping the Arctic’s massive reserves of fossil fuels on
the other. What is more, the way in which we come to terms with this tension in the high
latitudes of the northern hemisphere will have profound consequences not only for the
future of the Arctic as a region but also for the future of the Earth system as a whole.
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Abstract: Visions for tomorrow’s Arctic include complementary and conflicting ideas such as sustain-
ability, security, prosperity, biodiversity, Indigenous rights, and more. Implicit in many of these views
is the assumption that the right combination of policy and action will create a stable configuration
producing the intended outcome for the foreseeable future. Even a cursory review of Arctic history,
however, shows that economic, political, cultural, ecological, climatic, and other forms of stability are
unlikely. Instead, the lessons of the past suggest that local and global factors will continue to interact
to create high variability. Individual policies and institutions may help promote effective responses
to that variability, but a commitment to enduring equity is necessary to foster long-term well-being
for the Arctic and its peoples.
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1. Introduction

Sustainability is held up as a worthy and indeed necessary goal globally [1] and in
the Arctic [2]. The basic idea is to live without squandering our geological, ecological, and
societal reserves. The alternative is, of course, to continue to exceed the limits of what the
planet can produce and replenish [3], leading eventually to gradual or catastrophic decline
of human and ecosystem well-being. In this context, today’s decisions about the Arctic will
determine the range of tomorrow’s possibilities, and the degree to which the Arctic can
contribute to a sustainable global future.

A sustainable future is often envisioned as one in which poverty, inequity, and other
forms of environmental and social insecurity are reduced or eliminated [1]. Implicit in this
vision is a degree of stability that reduces the risk of upheavals and disruptions that can
cause widespread economic hardship and spur mass migrations [4]. In considering what
the Arctic’s future could be, a review of history can help calibrate expectations in the range
of the plausible rather than the utopian.

In this essay, I explore the history of human activity in the Arctic, focusing on liveli-
hoods and economics while recognizing that cultural, spiritual, political, technological,
environmental, and other factors matter as well. I write as an American scientist of Euro-
pean descent who has worked in the Arctic for all of my professional career. I cannot and
do not claim to speak from an Arctic, much less an Arctic Indigenous, perspective.

The past is not a perfect analogue for the future, and I do not suggest that swings
between prosperity and hardship are inevitable. Rather, an understanding of the past can
help identify what contributes to, and what undermines, stability as seen from different
perspectives [5]. Even in a time of rapid climate change [6], the Arctic will continue to
exist in one form or another, though that form may be vastly different from the Arctic of
today. But humans will still make decisions about the region, and those decisions will
affect what happens to Arctic ecosystems and cultures. An ice-free Arctic could still be a
relatively productive area with cultures that have adapted to new conditions, or it could be
an industrial or military disaster area. What humans have done elsewhere in the world
and in the Arctic to date provide insights into the consequences of the choices that may be
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made. The lessons of history may be useful in shaping the future of the Arctic, if Arctic
and global societies are willing to heed them.

2. Early Human Presence in the Arctic

Humans have lived in the Arctic for tens of thousands of years [7]. Archeologists have
identified several major periods and geographies defined by the lands and waters used,
the tools developed, and the species hunted, fished, and gathered [8]. This record includes
examples of remarkable continuity, such as the continuous occupancy of Point Hope,
Alaska, for thousands of years [9]. The record also includes evidence of great disruption,
such as the early settlement and then abandonment of Greenland prior to the Common
Era [7], as well as many smaller-scale examples of hardship [5,10].

To varying degrees, the early peoples of the Arctic were self-reliant [11]. Trade
provided the relatively few materials not available locally [12]. Their lives and livelihoods
to some degree met modern definitions of sustainability, but far below today’s expectations
for material comfort and life expectancy. Environmental variability caused instability at
small and large scales, creating a much greater risk of hardship and premature death than
would be acceptable to most people now. Many of the early peoples doubtless found
their lives satisfying and meaningful, and their deep-rooted respect for nature continues
in Indigenous worldviews [13] and offers much in the way of values and experience to
guide the future [14], but their material ways of life are not a particularly useful model for
tomorrow’s Arctic.

3. Contact and Colonization

Trade goods, traders, and explorers gradually made their way to the Arctic. Early
interactions through the second millennium of the Common Era were likely an extension
of existing trade routes and forms of contact. Territorial expansion also played a role, for
example in the Norse colonization of Greenland and subsequent, if temporary, expansion
into what is now Canada [15]. Arctic peoples themselves were hardly stationary, either. As
one example, the Thule Culture of modern-day Inuit expanded rapidly from the Bering
Strait region across Arctic North America to Greenland in the first half of the second
millennium [16]. At smaller scales, too, migration, resettlement, and assimilation took
place, for instance in the 19th century absorption of Koyukon Athabascan peoples in the
upper Kobuk River Valley of Alaska into Iñupiaq ways of life and language [17].

Nonetheless, the influence and then visits and then settlements from southern lands
brought about lasting change throughout the Arctic. A market for trade goods, including
furs and ivory, led to the expansion of trade routes in both volume and geographical
extent [18]. In Tsarist Russia, the expansion of empire also included a demand for tribute
from remote peoples, typically in the form of furs and other local products [19]. Initially,
such trade provided an outlet for surplus production of traditional goods. As demand
and thus profits increased, however, traders became more directly involved, establishing
annual trade fairs and permanent trading posts [18].

The quest for whale oil and baleen brought new waves of trade and newcomers to
the Arctic [20,21]. Whaling crews typically did their own hunting and were also willing to
trade with Indigenous communities. Their trade, however, was simply an opportunistic
addition to their quest for whales, and the whalers thus had little stake in the long-term
well-being of Arctic communities, in at least partial contrast to those who established more
permanent trading posts [18].

Whaling at first was carried out from ships that came and left. Later, the whalers es-
tablished shore-based stations in the Arctic, creating opportunities for Indigenous whalers
to join in the commercial hunt, or at least the commercial sale of whale products [21]. The
demand for whale products, however, was not sustainable, given the history of reducing
and even eradicating whale populations around the world. The commercial bowhead
whaling era in the Arctic was no different, with whale populations reduced to a fraction of
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their original size [22]. Whaling ended not because of concerns about sustainability, but
because the market for whale products collapsed when alternatives were developed [21].

The trade goods reaching the Arctic through the fur and whale trades, including metal
products, were highly sought after, and presumably helped increase material quality of life,
even if at least some of the commercial harvests were unsustainable [21]. But beneficial
goods were not the only introductions. Alcohol and diseases also came north [18], causing
social disruption and death. Arctic peoples switched from living largely independently to
many working as producers of raw materials for a global economy, disrupting traditional
patterns and norms, and creating, among other things, economic inequality [23]. The
Arctic fox boom in the early 20th century is one example, creating a network of trading
posts, which exploited trappers to varying degrees [24], and led to families dispersing from
communities across the landscape to find their own trapping grounds.

Trade in animal products produced locally was in theory sustainable and provided
Arctic residents with opportunities to earn cash and trade goods. The introductions
of alcohol and disease were perhaps not inevitable, but were still an all-too-predictable
corollary to trade and settlement. In practice, whaling and trapping were not always carried
out sustainably, to the detriment of many Arctic communities. St. Lawrence Island, in the
northern Bering Sea, is one of the more extreme examples [21]. Whalers decimated the
region’s walrus population for ivory to supplement their profits, leaving the islanders with
fewer sources of food. Alcohol and disease added to the disruption, leading to starvation
in the late 1870s, after which only one of the island’s communities remained.

In addition to the perils of unsustainable harvest and cultural disruption, the era of
furs and whales also demonstrates the risks of dependence on global commodities markets.
Bowhead whaling was profitable until baleen was no longer valuable. Arctic fox furs were
highly desirable until fashions changed. Even if the take of animals had been ecologically
sustainable, there was no guarantee of a lasting economic foundation. The Arctic economy
was at the mercy of distant market forces, on which the Arctic had little or no influence.
Colonization further eroded local control by imposing the rules and structures of distant
governments on Arctic communities.

4. Post-World War II

By the mid-20th century, the whaling and trapping economies had disappeared or
become too small to provide livelihoods for many people. Around the Arctic, national
governments were taking a larger role, bringing cash, jobs, and social services into remote
communities [25], which provided inroads for further social, economic, and educational
assimilation [26] accompanied by cultural disruption. The Cold War led to the construction
of radar and other remote installations, which provided employment [27] for those willing
to adhere to the schedules of the wage economy. Even if much food was still produced
locally, government support and subsidies were becoming ever more important.

The development of mineral and petroleum resources also increased rapidly. The
Gold Rush in the Yukon and Alaska starting in the late 1800s was an unusual frenzy in
some ways, and in other ways a precursor of what was to come. Oil had been produced
starting in the 1920s in Norman Wells, along Canada’s Mackenzie River in the Northwest
Territories [28], and geologists had prospected oil seeps on Alaska’s North Slope since
at least the 1910s [29]. Svalbard’s coal reserves were being mined by Norwegians and
Soviets [30]. The Arctic was again seen as a land of extractive opportunity, drawing people
north in various ways, though rarely with much thought about the well-being of, and often
at great cost to, those already living there.

The growth of extractive industrial activities has inevitably led to conflicts with
environmental sustainability, at least at local scales. Roads may interfere with migrations
of caribou and reindeer [31]. Shipping and offshore oil and gas activities can disrupt
marine mammal migrations and Indigenous hunting [32]. Transport of liquid natural gas
from Russia’s Yamal Peninsula and iron ore from Canada’s Baffin Island now take place
year-round [33], requiring ice-breaking vessels that create another form of disruption for
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hunters and marine mammals [34]. China’s interest in the “Polar Silk Road” is but one
indicator of expanding international interest in the Arctic [35]. None of these is necessarily
unsustainable, but each activity threatens another incremental reduction in ecological
health and productivity. Cumulatively, the course is all too well known from other parts of
the world, as lowered expectations for what constitutes a healthy and productive ecosystem
lead to altered local cultures and impoverished ecosystems [36].

Commercial fisheries, too, expanded northwards [37]. Salmon fisheries had played a
major role in Alaska’s bid to become a state, as it sought more control over management
of fishes and fishing [38]. Demand for fish products and the technology to catch and
process fish combined to make possible massive fisheries in the North Atlantic and North
Pacific [39]. By the late 20th century, shrimp were a major source of Greenland’s export
earnings [37], and the Barents and Bering Seas fisheries were both lucrative and widely
regarded as well managed [39].

While fisheries may seem a strong candidate for the foundation of a sustainable
economy, they too depend on global markets and on continued willingness to accept
management restrictions today to protect tomorrow’s fish catches. Competition from
salmon farming has greatly reduced the price for wild-caught salmon [40]. Climate change
and ocean acidification may reduce the stocks of commercially valuable fish [41]. Conflicts
about the allocation of fish catches or the role of by-catch may also disrupt support for
current fisheries’ management approaches [42]. If fisheries expand still farther north, new
conflicts may arise domestically and internationally [43].

Politically, recent decades have seen expanded recognition of Indigenous rights, in-
cluding land and resource ownership and access rights, creation of Indigenous corporations
intended to create economic opportunity, and devolution of some powers to new and exist-
ing local and regional governments [44]. These developments are far from uniform across
the Arctic, with most activity seen in North America and Greenland. Whether the creation
of corporations and government structures is progress toward renewed levels of autonomy
or a new form of assimilation is another question [45].

Today’s Arctic may seem in some ways a reasonable balance of resource extraction,
traditional cultures, fisheries, government support, and other economic pillars. On the
other hand, today’s Arctic is the product of happenstance, countless small decisions taken
separately that together have created the various systems found in different countries.
These systems each have their strengths and their weaknesses, but none provides a reliable
basis for a stable and sustainable economy and society. Some major financial companies
are reducing their investments in fossil fuels, which could reduce new Arctic oil and gas
production in some regions such as Alaska [46]. Climate change is disrupting ecosystems,
threatening fisheries [41] and causing more and more wildfires [6]. Arctic communities
increasingly depend on government spending, including subsidies [47], but budgetary
strain may undermine continued political willingness to support those expenditures. To-
day’s decisions will shape tomorrow’s Arctic, but where and how are those decisions
being made?

5. The Future

Arctic regions have long aspired to create viable economies. They have also aspired
to political control, up to and including independence [48]. Political independence is
incompatible with economic dependence, and so economic development is often seen as a
necessary ingredient in self-determination. Coupled with a desire to reduce the relative
poverty common around the Arctic [47], there is thus a strong incentive to develop now
and to worry about sustainability later.

In different regions at different times, the Arctic has enjoyed periods of economic
prosperity. Not since before contact and colonization, however, has the Arctic enjoyed
economic and political independence in the sense of having the ability to control its own
destiny. To the contrary, the modern Arctic economy is primarily a reaction to global market
demands and the willingness of southern governments to spend money in the North.
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Then again, few if any countries anywhere have enjoyed a stable economy over the
past century, if “stable” means an economy that has followed the same basic pathway
without interruption. Economies change and evolve, and stability is achieved by diversity
and innovation rather than by stasis. One can look at the history of the Arctic as one
of flexibility, taking advantage of the opportunities of the moment rather than chasing
an impossible dream of stable economic self-determination. Flexibility comes at a price,
however, including periods of hardship as booms give way to busts. A long-term outlook
could help counterbalance the appeal of the quick payoff and support investments that
promote economic diversification and a greater degree of self-sufficiency.

If Arctic history suggests instability is the norm, then perhaps shaping tomorrow’s
Arctic should be reframed as creating the conditions that will allow tomorrow’s Arctic the
greatest scope for shaping itself. This idea is compatible with the concept of sustainability,
insofar as today’s choices should not limit the choices available tomorrow [49]. Resources
used or damaged today are not available tomorrow, and thus society should be cautious
in its choices and actions. At the same time, the more rigid the institutional and other
arrangements that are made today, the scope of choices available tomorrow will be smaller,
and adjustments will be harder to make.

Today there are competing visions for the Arctic [50], ranging from resource storehouse
to Indigenous homeland to geostrategic theater and beyond. As long as the Arctic is
sparsely populated and subject to modest levels of human activity, these visions can coexist
to at least some degree. That possibility is unlikely to last. Sooner or later, those with an
interest in the Arctic will have to determine who should make choices, and those making the
choices will have to decide which pathways to follow and which to abandon. The current
path is one of incremental and reactive compromise, which leads not to sustainability, but
to an inevitable decline.

An alternative path is to focus on basic principles, specifically a commitment to living
equitably within the social and ecological bounds of the Arctic, from which specific policies
and actions can be developed and adjusted as needed. The Arctic today is still the home of
intact ecosystems and vibrant cultures not through carefully planning, but because it lies
at the margins of the human presence on Earth. Geographical chance will not suffice to
protect the Arctic of tomorrow. An economy of reaction will not create a sustainable Arctic
tomorrow. Decisions made elsewhere for other reasons will turn Arctic well-being into
collateral damage as external ambitions take precedence. The only pathway to a sustainable
Arctic future is to commit to the long-term well-being of Arctic cultures, landscapes, and
waters as a priority, with other interests to follow only insofar as they are compatible with
Arctic well-being.
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Abstract: On 21 May 2021, a milestone Pan-Arctic Report: Gender Equality in the Arctic was published
in tandem with the Arctic Council’s Ministerial Meeting held in Reykjavík, 19–20 May 2021. This article
provides a brief review of the report and its major findings across six chapters that address key themes
concerning gender equality in the Arctic: Law and Governance, Security, Gender and Environment,
Migration and Mobility, Indigeneity, Gender, Violence, Reconciliation and Empowerment and Fate Control.
A major conclusion of the report is that accessible, comparable, gender-disaggregated, and Arctic -specific
data is severely lacking. Further, all chapters highlight the importance of gender-based analysis and gender
mainstreaming in all decision-making processes at national and regional levels. The varying roles that
gender—and its intersections with existing inequalities—plays in mediating the impacts of climate change
and other socioeconomic transformations are also discussed throughout the report. The Arctic Council
is identified as the main driver for implementing recommendations that were provided and discussed
at the Council’s Ministerial Meeting and in the Reykjavík Declaration 2021, where the eight ministers of
Arctic states “Emphasize[s] the importance of gender equality and respect for diversity for sustainable
development in the Arctic . . . encourage[s] the mainstreaming of gender-based analysis in the work of the
Arctic Council and call[s] for further action to advance gender equality in the Arctic”. This report and its
policy relevant highlights, address these priorities and serve as a knowledge base for promoting gender
equality and non-discrimination in the Arctic.

Keywords: gender; equality; empowerment; engagement; Indigenous; data; mainstreaming; diver-
sity and inclusion; migration; mobility; security; intersectionality; youth; Arctic Council
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1. Introduction

There is an inherent gender imbalance in the on-going policy discussions and decision-
making about the Arctic, as women are underrepresented in Arctic governing bodies,
administration, business, and science. Although generalisations should be avoided, given
the cultural and social diversity of the North, economic development throughout much of
the region affects men and women differently. It is a cause for concern that future develop-
ment in the North, for the most part, focuses on traditional male sectors such as oil and
gas, mining, shipping, and tertiary industrial development. Moreover, disproportionate
out-migration of adult females characterises many rural areas of the Arctic, primarily as
a result of diminishing employment and due to a lack of educational opportunities for
women. The resulting sex-ratio imbalance negatively affects the resilience and future
sustainable development of Arctic communities, some of which are seeing very high death
rates for males, especially from external causes.

The geopolitical and global economic significance of the Arctic region is growing, inter
alia because of climate change. The Arctic Council (AC) and its Sustainable Development
Working Group (SDWG) have emphasised gender equality in previous projects and initia-
tives and the importance of issues of gender and diversity is increasingly evident. Some
examples of previous work and valuable input in this field with gender issues in the Arctic
as their focal point, include the 2002 Conference in Inari, Finland, which focused on themes
of women and work, gender, the self-determination of Indigenous peoples, and violence
against women [1]. Furthermore, the first edition of the Arctic Human Development Re-
port, published in 2004, featured a specific chapter on gender [2]. In the second edition,
published in 2014, a different approach was taken, and gender issues were not addressed in
a specific chapter but rather mainstreamed into individual chapters to various degrees [3].

Given the gender imbalance in Arctic policy discussions, and the pace of the changes
transforming Arctic societies, further information is needed about the various impacts of
gender. The milestone Pan-Arctic Report: Gender Equality in the Arctic [4], published by
the Icelandic Ministry for Foreign Affairs and the Icelandic Arctic Cooperation Network
as a product of the Icelandic Chairmanship in the AC from 2019–2021 [5] on 21 May
2021, addresses this gender imbalance by providing a comprehensive overview of issues
related to gender equality in the Arctic. The report was published in tandem with the AC
Ministerial Meeting held in Reykjavík 19–20 May 2021. Gender equality has been one of
Iceland’s priorities during its AC Chairmanship 2019–2021, under the theme of People
and Communities. The report is a part of an international collaborative project under the
AC’s SDWG on Gender Equality in the Arctic [6] (GEA), dating back to 2013. Leads and
co-leads include Iceland, Sweden, Finland, Canada, the United States, the Saami Council,
the Aleut International Association, and a host of other additional partners. Initiated by the
Ministry for Foreign Affairs in Iceland, in collaboration with the Directorate for Equality in
Iceland and the Stefansson Arctic Institute the project has been led by the Icelandic Arctic
Cooperation Network (IACN) under the leadership of Embla Eir Oddsdóttir, Director
of IACN, and the GEA Team in Akureyri, Iceland. This article provides an overview
of the GEA project phases to date as well as a review of the themes of the report, with
major findings.

2. Background and Progression of the GEA Report Process

The purpose and objective of the GEA project has been to raise visibility and un-
derstanding of the importance of gender issues in the Arctic, to identify priorities and
concrete strategies for increased diversity and gender balance in policy- and decision-
making processes, and to provide information to facilitate sustainable policy-making for
the future.

Phase I of the GEA project (GEA I) was an international conference Gender Equality
in the Arctic—Current Realities, Future Challenges, which took place in Akureyri, Iceland
in October 2014. It resulted in an eponymous conference report published in 2015 by the
Icelandic Ministry for Foreign Affairs [7]. The main objective of the conference was to
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promote an extensive, policy relevant dialogue on gender equality putting current realities
and future challenges into context, in light of climate and environmental changes as well as
economic and social developments in the region. Another goal was to raise decision-makers’
awareness of the situation of women and men in the Arctic and to strengthen cooperation
among different people working with gender issues. The conference was organized into
seven different themes, and in the conclusions of the conference, the participants identified
issues that are relevant to the on-going discussions on gender equality in the Arctic.
The conference in Akureyri brought together government representatives, policymakers,
academics, and a wide range of stakeholders including members of the business community,
resource managers and users, community leaders, and NGO representatives. Special
emphasis was placed on Indigenous representation at the conference.

Following the success of GEA I, Phase II (GEA II) was launched in 2017. GEA II
involved the building of a network of experts in the field and the creation of a website for
the purpose of: promoting and expanding the dialogue on gender equality in the Arctic,
providing a formal network of groups and experts interested in the topic, encouraging
cooperation with and amongst existing networks, and providing an online platform for
material and events relevant to Arctic Gender Equality.

Phase III of the Gender Equality in the Arctic project (GEA III) was launched in
2019 and includes a regular newsletter—the GEA Times [8]—in addition to various other
networking and dissemination activities, through online media and events, expanding its
database of gender related material. However, the focus of GEA III has primarily been a
pan-Arctic report addressing the gendered dimensions of selected themes and gauging the
current state of affairs to better understand how gender affects, and is affected by, policy-
and decision-making processes within the Arctic. The report was developed by 10 lead
authors and approximately 80 contributing authors from 15 states, including all eight Arctic
States. The report’s engagement process was a vital component in knowledge generation
and development of the report and significant efforts were made to ensure inclusion and
transparency during the process by actively soliciting feedback from peers and interested
parties. A special emphasis was on the partnership with AC Permanent Participants and
other Indigenous representatives, both through our Partners, the Editorial Committee, the
Youth Advisory Group, the SDWG Social, Economic and Cultural Expert Group (SECEG),
and through contributions to chapters from Indigenous experts, including from the Saami
Council, the Aleut International Association, and the Arctic Athabascan Council, as well as
the Paktuutit Inuit Women of Canada.

The 2021 report is intended to inform policy and provide the AC, policymakers, researchers,
and stakeholders with a departure point from which to foster further dialogue and actions on
gender issues in the Arctic. Each chapter provides a list of policy relevant highlights, almost 70 for
all chapters, with suggestions for actions and/or opportunities for further research on the topics.
In addition, the report provides recommendations for the Arctic Council based on the main
conclusions of the report as a whole. The report’s recommendations were discussed at the AC
Ministerial Meeting in Reykjavík on 20 May 2021 and were included in the Ministerial Meeting
declaration (the Reykjavík Declaration 2021) the AC “Emphasize[s] the importance of gender
equality and respect for diversity for sustainable development in the Arctic and welcome[s]
the Pan-Arctic Report, Gender Equality in the Arctic, Phase 3, encourage[s] the mainstreaming
of gender-based analysis in the work of the Arctic Council and call[s] for further action to
advance gender equality in the Arctic” [9] (p. 9). Moreover, chapter 4 on Sustainable Social
Development in the Council’s Strategic Plan 2021 to 2030, also accepted at the Ministerial Meeting
in Reykjavík, the Council resolves to “promote gender equality and non-discrimination in the
Arctic with the aim of contributing to sustainability and balanced participation in leadership and
decision-making both in the public and private sectors” [10] (p. 5).

3. Methods and Approach

The GEA report process engages an international, multidisciplinary, multi-stakeholder
and mixed method approach, including both ongoing state-of-the-art quantitative and
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qualitative research in addition to literature review and discourse analysis. Themes for the
report were decided in a collaborative process that included diverse research communities,
SDWG partners in the project, AC permanent participants and other Indigenous experts,
youth representatives, and members of the SDWG’s SECEG. The consultative process was
instrumental in developing priority themes for the report as well as providing regular
feedback on the process and development of chapters. Following the consultation process
six themes emerged that became the focus of the report with chapters led by a total of
10 lead authors, with additional contributing authors ranging—depending on chapter
themes—from six to 31 per chapter, all in all close to 80 contributing authors

Each lead author had significant freedom in their methodology for developing the
chapters, thus some variations exist in their approaches. All chapters include contributions
from multiple contributing authors which in some cases were weaved into the lead author’s
writing, whereas in other cases presented in a more clearly separated fashion, such as
through case studies.

Once initial drafts were ready, feedback sessions for each chapter were held in October
and November 2020. These were public online sessions in which lead authors—along
with colleagues, contributors, and Indigenous and youth representatives—presented and
discussed each chapter theme. All feedback sessions were recorded, transcribed, and sent
to lead authors for review and integration into chapters.

Review and feedback on draft chapters was solicited from the project partners, the Ed-
itorial Committee, the Youth Advisory Group (YAG), all contributors, and other additional
and relevant experts. Specific YAG Reviewers were asked to review each chapter. Finally, a
formal peer review took place through external reviewers for each chapter. The Law and
Governance chapter, as well as legal sections in the chapters on Gender and Environment
(environmental law) and Empowerment and Fate Control, were reviewed by legal scholars
and experts. Finally, the draft report went through the formal review process of the Arctic
Council SDWG and its Heads of Delegations.

4. Results

On the basis of the multidisciplinary and multi-methods approach, six overarching
themes were identified as central issue areas for gender equality in the Arctic. The first
theme addressed law and governance, examining the formal obligations regarding gender
equality in the public governance of the Arctic region, as expressed in political and legal
documents, including special consideration of Indigenous Peoples. The second theme is
security and, in particular, human security, focusing on the impacts of inequalities in the
Arctic that are exacerbated by climate change, thereby identifying trends in insecurities
from the individual and community levels to the state. Gender and the environment
informs the third theme, providing an overview of the gendered dimensions of issues
connected to a broadly understood Arctic environment, including the climate, oceans,
land, biodiversity, natural resources, waste, and pollution. The fourth theme is migration
and mobility, examining how migration and mobility issues in the Arctic are constructed
through gender and why an understanding of migration and mobility requires a gendered
approach. A fifth, crucial theme is the combination of Indigeneity, gender, violence, and
reconciliation, demanding a mapping of the complex relations amongst violence; gender;
social, economic, political, and legal systems; human health and well-being; culture;
identities. Lastly, the overarching theme of empowerment and fate control identifies
concrete strategies for political, economic, and civic gender empowerment in order to
facilitate sustainable policy-making for the Arctic.

Each theme is represented as a chapter in the GEA III report. The report opens with the
chapter on Law and Governance, led by Eva-Maria Svensson. It explores the political and
legal commitments for which public governing bodies are accountable, how these bodies
express their ambitions regarding gender equality in the Arctic, and how the commitments
are fulfilled.
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The political and legal obligations for the accountable subjects regarding equal rights
between men and women, and gender equality, are extensive. The Arctic States are
committed to following international, as well as corresponding regional, federal, national,
and territorial, legal instruments and political agendas. The international legal instruments
(treaties, conventions, or covenants) legally bind those states that choose to accept the
obligations contained in them by becoming a party. States determine, for themselves, which
instruments they will accept according to the principle of state sovereignty [11]. However,
states are expected to ensure that their international obligations are upheld, and the degree
to which they meet their international obligations is explored through comments made by
monitoring bodies of international legal instruments.

Arctic States and Indigenous Peoples cooperate in several intergovernmental bodies,
and the Arctic Council (the Council) is the leading intergovernmental forum for cooperation
in the Arctic [12–14]. The Council has been criticised for not adequately prioritising
gender equality, both internally and among Arctic States [15,16]. However, since 2013 the
Council has been one of many supporters and cooperative partners in the Gender Equality
in the Arctic Project, and it can be an important promoter of gender equality. Arctic
States, Indigenous Peoples’ Organisations, non-Arctic states, and a variety of international
organisations issue Arctic policy documents, some of which include a focus on gender
equality. The policies of Arctic States are of analytical relevance as they are representations
of governments responsible for international, federal, regional, and national legal and
political obligations, and included in the analysis are Arctic policies issued by Arctic States
and two of the Indigenous Peoples’ organisations (IPO) that are Permanent Participants in
the Council.

Gender equality is a primary concern for the global community and all Arctic States,
except for the U.S., have ratified the Convention on the Elimination of all forms of Discrim-
ination Against Women (CEDAW, adopted 1979), which implies that they are obligated
to ensure full equality of women before the law, protection against discrimination in the
public and the private spheres, improve the de facto position of women, and address
gender-based stereotypes that uphold unequal gender relations.

What emerges from the analysis in the chapter on Law and Governance is that gover-
nance in the Arctic does not prioritize gender equality and, more generally, that the goal of
gender equality is not met within the region. Work regarding gender equality has tended
to be reactive rather than proactive, and “gender equality, as well as equality between
different ethnic groups, has not, so far, been prioritized despite far-reaching obligations for
the concerned states” [14].

While most of the Arctic States have a gender equality policy in place, the Council’s
“rules of procedure contain no reference to gender and there is no gender policy for the
Council as a whole. [Furthermore], while the secretariats are subject to gender regulations
in accordance with the State in which they are located; there is no overall gender policy or
guidelines which inform the Council’s activities” (T. Barry, personal communication, 16
October 2020). Written policies rarely explicitly express, or take as their starting points, the
political and legal obligations regarding gender equality and/or equal rights for men and
women. With few and vague exceptions, the only genders addressed are men and women,
and policies addressing gender equality and diversity are scant and vague.

The CEDAW Committee has expressed concerns about the lack of awareness of
CEDAW in all Arctic States that have ratified the convention (all but the United States) and
pointed out that some groups of women in the Arctic are vulnerable, especially Indigenous
and rural women, and Arctic States do not adequately uphold their rights, for example
when it comes to exposure to violence, equal participation in governing bodies, and
economic self-support. The Special Rapporteur on the Rights of Indigenous Peoples has
repeatedly raised serious concerns about the situation of Indigenous women and girls
in Canada and the Native Women’s Association of Canada and other institutions have
reported that many Aboriginal women have been murdered or reported missing. Further,
discriminatory and gender bias in policing is signaled, as is overrepresentation of Native
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women in the prison system. The rapporteur concluded that there appears to be a need for
an Aboriginal program strategy for women sentenced at federal level.

Policy relevant highlights include a recommendation that the Council launch a gender
equality policy, and a collaboration around gender equality in the development of new
strategies is encouraged. Public governing bodies of the Arctic should acknowledge and
apply a more far-reaching gender equality concept, including through an intersectional
gender equality approach. Suggestions for research initiatives include identification and
further analysis of controversial concepts imposed on the region and its population, such
as individual rights, power, culture, and tradition.

The chapter on Security, led by Gunhild Hoogensen Gjørv and Sarah Seabrook
Kendall, examines the links between inequalities in the Arctic and the experience of
insecurity. Most Arctic States are characterized as examples of peace, security, and gender
equality to the degree that the Arctic has been singled out as exceptional regarding peace
and security. This characterization has, however, been contested, not least as it, all too
often, ignores and even misrepresents insecurities experienced at individual or community
levels [17]. Indeed, the “exceptional” peace, security, and gender equality image relies on
a militarised understanding of security that is divorced from perceptions of security of
Arctic peoples (Indigenous and non-Indigenous). A broader understanding of (human)
security is based on the interaction of a combination of five factors: actors, practices, values,
survival, and future [18], where it is further understood that perceptions of security are
both subjective and context based [19,20]. Human security—which focuses particularly
on the individual and community levels of security—has been broadly defined to include
environmental, food, health, economic, political, personal, and community security [21].
Rather than arguing for a problematic, state-centric notion of Arctic exceptionalism, the
chapter draws from global insights about insecurity and identifies important challenges
and insecurities within the Arctic region itself. The chapter addresses gendered and human
insecurities associated with climate change and provides brief examples of some of the
gender/human insecurities experienced across the Arctic today.

Although Arctic governance has made significant strides, both with regards to priori-
ties and representation of Arctic peoples, the developments have not been without critique
(see section above; [22,23]). The applicability of the human security concept to the Arctic
has likewise been debated and criticised [24,25]. A human security lens has, however, also
been used to highlight the inequalities and injustices of governance systems. Inequalities
often lie within the structures of formal institutions and informal social practices. Applying
the concept of human security with an intersectional analysis—that is, examining how
law and governance can contribute to inequalities depending on combinations of gender,
race, ethnicity, sexual orientation, class, etc.—can be a useful framework for understanding
the nature of security threats in the circumpolar Arctic, including the impacts of climate
change [25–28]. For example, changes in the Arctic often result in insecurity and vul-
nerability of social and ecological systems, which are often rooted in marginalisation of
northern populations through colonisation and continued oppression of Arctic Indigenous
Peoples [29]. Women and girls, Indigenous Peoples, elders, and Two Spirit people are
regarded as the most vulnerable Arctic populations [3].

The chapter on Security concludes that gender security perspectives are crucial to
improving Arctic societal well-being and stability, and it emphasises the need for a broader,
research-based understanding of security. It further highlights the tendency of inequali-
ties and centre—periphery imbalances to lead to insecurities, as most Arctic regions are
neglected or bypassed regarding services, support, and inclusion in broader political goals.

As such, security in the Arctic cannot be reduced to a militarised understanding and
narrow, geopolitical considerations of states, and Arctic peoples generally remain more
preoccupied with everyday security issues. While some scholars and policy makers have
resisted the use of the human security concept for Arctic contexts based on the assumption
of inclusion in welfare states. In reality, gaps remain, for example, in issues of health,
housing, food, economy, environment, and personal and community violence. Further,
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male voices remain privileged in contemporary security dialogues, not least those relating
to state-centred security interests. Recognition of the rights of northerners to participate in
their own security dialogues, as well as identifying barriers for women’s participation in
these dialogues, is required as is understanding how security is perceived and experienced.
Intersectional analysis including gender and other identity markers is integral to moving
forward towards a more comprehensive understanding of security.

A broad and comprehensive approach to security is necessary to capture the nature
and nuance of human insecurity in the Arctic. The most pressing human security threats in
the region across the environmental, social, economic, and cultural dimensions can only be
properly understood in collective terms. Consequently, far from being an inappropriate
analytical framework, human security offers significant analytical traction through its
capacity to capture physical and non-material security problems in the circumpolar Arctic
that are scalable to smaller or larger communities, distinct peoples, or the region as a whole,
and for its intersectional approach that understands the compounding and mitigating
effects of distinct security issues and identities.

Policy relevant highlights, directed at Arctic States and the Arctic Council, include a
call for the application of a comprehensive security approach with intersectional analysis to
better address current and future insecurities. Further, reduced inequalities and consequent
tensions, greater inclusion of local and regional bodies in broader political goals should
be fostered. Moreover, a responsive climate change policy and mitigation should be
based on an intersectional analysis and understanding of impacts, of climate change, on
societies and inequalities. This requires a comprehensive, people-centric understanding of
Arctic security.

The chapter on Gender and Environment, led by Malgorzata (Gosia) Smieszek and
Tahnee Prior, claims that the Arctic cannot be fully understood without recognition of
the relationship of Arctic Peoples and the environment, in which gender plays a central
role. Gender and gender norms have implications for interactions with, activities in, and
observations of the environment, as well as for access to, and participation in, management
of natural resources. It influences conservation efforts and participation in decision-making
bodies at all levels, as women and men are impacted differentially by environmental change
and have important roles in environmental sustainability, only achieved through equal
access to opportunity and shaping political agendas [30]. The chapter gives particular
attention to variations in how people of different genders relate to their environment. It
addresses the gendered impacts of development and environmental change, highlight-
ing central dimensions of the gender–environment nexus in an Arctic context through
illustrative cases in various localities and sectors, including mining, fisheries, and forestry.

A gender-specific analytical approach provides the basis for a comprehensive view of
environmental and social issues, which can lead to more effective policies [31,32]. Gender
equality is integral to effective and equitable sustainable development, and there has
been a clear shift in the commitment to gender equality and recognition of gender in
international environmental agreements over the past decades [32]. Still, gender remains
marginal in the overall body of scholarship on climate change adaptation, resilience, and
vulnerability [33–35]—both globally and, to an even greater extent, in the Arctic. A deeper
comprehension of the vulnerability of Arctic Peoples and communities is required to
strengthen necessary adaptation efforts [36,37], but approaches that are insensitive to
gender and other indicators of social inequalities risk reinforcing existing vulnerabilities
and can result in maladaptation [33,36,38]. Adaptation to climate change, in Arctic research
and policy, should thus be reframed to systematically account for health, education, food
security, and Arctic economies, all of which are simultaneously differentiated by gender.

Natural resources are vital to the livelihoods of all Arctic peoples and many Indigenous
populations continue land-based lifestyles, central to communities’ well-being and cultural
survival [39]. Simultaneously, natural resource extraction and development are promoted
as a pathway to creating better living conditions in the north [40–42]. Resource-based
industries in the North are male-dominated, and the effects of resource development
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strongly gendered [43]. Gender equity has important multiplier effects in sustainable
development through women’s empowerment, and moving beyond statements on equity,
diversity, and inclusion toward the implementation of policies that ensure principles of
inclusion is crucial [44].

The chapter on Gender and Environment reflects how gender equality is a prerequisite
and accelerator of progress towards sustainable development, and it reflects that centring
gender equality in efforts to respond to changes can tap into underexplored potential that
fosters people’s ability to become agents of change in the face of future challenges.

As noted, the Arctic environment is central to its peoples’ health, lifestyles, cultures, and
livelihoods, and gender plays a central role in human–environment relations. There is an
understanding that women and men are not only differently affected by the primary and
secondary effects of climate change and other socioeconomic transformations, but they also
play important and distinct roles in achieving environmental and social sustainability. However,
research sensitive to gender is still fragmented and, until recently, remained on the margins of a
rapidly growing body of Arctic scholarship and policy-relevant science [45–47]. The research
agenda on gender and climate change, extractive industries, renewable energy, marine resources,
and pollution in the North is far from complete; large gaps remain in knowledge which has
predominantly been based on individual case studies, which do not provide a comprehensive
gender-sensitive overview of developments in the Arctic. There is also a paramount lack of sex-
and gender-disaggregated data, or reliance on patchy, outdated ones, across all environment-
related issue areas. Furthermore, there is an overall gender blindness and lack of incorporation
of gender-sensitive approaches or insights generated by gender analysis into most mainstream
environmental, conservation, marine, and natural resource decision-making processes. To this
extent, these processes, as noted in the first Global Gender and Environment Outlook, do not
fully serve environmental or social interests [32] (p. 23).

The chapter concludes that gender equality is integral for effective, efficient, and
equitable environmental protection. Further, all regions of the Arctic exhibit only sporadic
engagement with gender and gender analysis, and there is a dearth of sex- and gender-
disaggregated data across the Circumpolar North. Finally, there is a lack of systematic
engagement with gender-based analysis and gendered perspectives within the Arctic
Council and across its Working Groups.

Policy relevant highlights include a push for new data collections that are gender-
and sex-disaggregated, as this will support policy- and decision-making and enhance
adaptive capacity. Further, a call for the strategic application of a gender lens to the
work of the Arctic Council, including through gender mainstreaming and intersectional
approaches, as this supports policy development and decision-making, allows for more
tailored actions, plans, policies, and programs. Finally, it is recommended that Arctic
studies be expanded to incorporate a specific gender focus to account for the region’s
particular traits and characteristics.

The chapter on Migration and Mobility, led by Erika Anne Hayfield, discusses how
migration and mobility in the Arctic are constructed through gender combining statis-
tics with a qualitative context-based approach to understand space as gendered and the
contextual nature of migration and mobility. The Arctic remains a place where people
are constantly on the move and mobility across the region is complex with globalisation
and technological developments further transforming mobility potential. Place-specific
contexts are important for understanding Arctic mobilities and addressing migration and
mobility requires a gendered approach [47].

Arctic places have diverse opportunity structures with “different conditions and
barriers that directly and indirectly promote or hinder opportunities for individuals” [48]
(p. 64). At the same time, local opportunity structures intersect with overarching macro
structures, for example, national gender equality policy, the spatial patterning of economic
development initiatives, or access to education. Therefore, migration decisions are complex
and situated within local and national opportunity structures, but they are firmly woven
into individual, social, and relational contexts.
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Gendered migration is a major factor leading to an unequal balance of men and women
in the Arctic [49], and in most regions, men outnumber women, especially in younger age
groups. Women outnumber men in terms of out-migration, and there are higher levels of
immigration, as well as domestic in-migration, of men. A skewed sex ratio may reinforce
inequalities of women and men and is a driving force of female out-migration. The skewed
sex ratio across the Arctic is a cause for concern for future social sustainability of the region.

Migration and mobility in the Arctic are as diverse as the peoples and the places
they live. Low population density has implications for access to work, education, welfare,
markets, and more. Distances and climate provide conditions for movement, and from
these contexts local mobile cultures emerge. Mobility structures are complex but must
be understood within local mobile cultures. The Arctic has a long history of Indigenous
Peoples practicing mobilities, but these practices have been somewhat transformed through
colonialisation. The field must move beyond mobilities associated with globalisation and
urbanisation to better understand contemporary Indigenous mobilities.

The chapter on Migration and Mobility emphasises how studies on migration and
gender need to employ an intersectional research approach and improve at involving
other social categories. Gendered migration and mobility are still neglected areas in Arctic
literature, and much of the extant literature is oriented to differences between women and
men. Too few studies are grounded in feminism, masculinity studies, intersectionality,
LGBTQIA2S+ and Indigenous gender perspectives.

An imbalance between women and men in the Arctic emerges, sometimes with highly
skewed sex ratios where women are more educated than men, more inclined to seek higher
education or work in larger urban areas, and thus more likely to out-migrate, whereas men
are more likely to seek vocational education closer to home but travel further for work. The
Arctic is a masculine space and women may perceive a lack of opportunities, not least in
industries heavily dominated by men. There is evidence that masculinities are structured
around work and being breadwinners, as opposed to attaining higher education and being
primary carers. Colonialisation has transformed gender within Indigenous cultures, and,
as a result, Indigenous women have become relatively marginalised within traditional
economic and subsistence activities and are more likely to hold paid work.

Indigenous People are overrepresented amongst the homeless worldwide, as is the
case for Alaska, Greenland, and Arctic Canada [50]. Histories of displacement, experiencing
a loss of home, and being forced to move have resulted in intergenerational trauma,
which, in some cases, is the root cause of homelessness. Such trauma is linked to racism
towards Indigenous Peoples along with mental health issues, violence, incarcerations, and
addictions [50]. Additionally, homelessness is a gendered phenomenon. For example, in
Alaska, surveys indicate that women are overrepresented in figures for homelessness [50].

Young people, and especially young women, out-migrate from small communities
in the Arctic, and there are indications that for those ascribing to LGBTQIA2S+ identities,
cultures in small communities, and the Arctic in general, are not open enough.

Given that migration and mobility in the Arctic are highly gendered, the lack of
knowledge on this topic, from a gender perspective, is both surprising and concerning.
Young people, and especially women, out-migrate from the Arctic, yet most studies that
address migration and mobility in the Arctic fail to include gender perspectives. What is
more, studies on gender in the Arctic rarely include significant life issues such as migration.
Thus gender, migration, and mobilities tend to be approached as standalone and isolated
research topics.

Policy relevant highlights point to the need for further understanding of the complex
processes involved in migration and mobility processes in the region, including those
leading to out-migration of young people and women, and context sensitive integration
strategies related to immigrant populations. Focus should be on developing, improving,
and sustaining local opportunity structures—as well as material and welfare structures.
Using a gendered intersectional approach, such a focus must also encompass industry
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development in the Arctic. Gender-sensitive support and recovery policies and services,
including in terms of housing and homelessness, should be provided.

The chapter on Indigeneity, Gender, Violence, and Reconciliation, led by Karla
Jessen Williamson, argues that discussing gender in the Arctic calls for awareness of
the imposition of a foreign understanding of gender—binary and patriarchal—forced on
Indigenous Peoples through colonisation. States tend to view gender and violence through
a binary lens, and prevention of gendered violence is often organised through policies that
do not adequately consider diversity or context.

The chapter addresses terminology related to gender, sexuality, and diversity as well
as problems related to the imposition of Western binary perspectives on Arctic Indigenous
communities. It further explores violence—not yet covered in a comparative fashion for the
Arctic—including violence against Indigeneity and the consequent persistent inequalities
between Indigenous and non-Indigenous populations. Worldviews and value systems of
Western states have encroached upon Indigenous worldviews and value systems through
processes of colonisation which impacted most aspects of Indigenous lives, reflected in
persistent inequalities between Indigenous and non-Indigenous populations. Indigenous
Peoples have a minority status in their respective states with direct implications for sense
of belonging and quality of life in Indigenous communities; the inherent marginalisation of
Indigenous Peoples means that Indigenous interests may not be aligned with the rest of
the population.

Criminology studies suggest a high prevalence of violent crimes among Indigenous com-
munities worldwide, partly due to the breakdown of Indigenous informal social controls
because of dispossession and colonisation processes which involved traumatic “[i]mposition of
foreign law, institutions, peoples, economies and beliefs” [51] (p. 33). Gendered violence contin-
ues to be a serious issue across the Arctic and the connection between socioeconomic inequalities
and violent crimes is explored. However, Indigenous women and girls face disproportionate
violent victimisation in the context of ongoing settler–colonial relations and a long history of
targeted colonial violence against Indigenous Peoples. New governance structures are rapidly
evolving as responsibilities are transferred from states to Indigenous Peoples amidst calls for
decolonisation, self-determination, and devolution efforts. Although levels of capacity vary,
different Arctic Indigenous Peoples address and develop their own responses to gender-based
violence within Indigenous communities.

Truth and reconciliation commissions have been used in various contexts, although
perhaps the most widely known is the South African Truth and Reconciliation Com-
mission [52]. Broadly speaking, these commissions investigate human rights abuses by
engaging with affected populations and attempting to “clarify the national narrative of
affected populations”, and “establish a set of facts as a basis of the truth about the history
and evolution of a given conflict, to devise a new and more acceptable national narra-
tive” [53] (p. 1). They have become an important mechanism in promoting accountability,
reform, and fostering reconciliation [54]. While truth and reconciliation processes are
subject to debate and their outcomes vary a great deal, reconciliation commissions have
been established in the Arctic, including Canada, Greenland, and through the Sámi Truth
and Reconciliation Commission.

The chapter on Indigeneity, Gender, Violence, and Reconciliation explored how data
indicates socioeconomic disparities between Indigenous and non-Indigenous individuals
in the Arctic while at the same time, Indigenous Peoples carry the burden of collective
trauma from alienation and marginalisation brought on by processes of colonisation and
assimilation policies. To some extent, such trauma may be addressed through Truth and
Reconciliation processes to improve relationships, confront previous colonisation practices,
and address social inequalities.

Women are overrepresented as victims of violent crimes, inclusive of acts such as sex-
ual abuse, rape, and domestic violence. Indigenous women and girls face disproportionate
violent victimisation in the context of ongoing settler–colonial relations and a long history
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of targeted colonial violence against Indigenous Peoples. States, self-governments, and
communities strive to find ways of handling this serious and ongoing concern.

Gendered and intersectional data, including specific data on Indigenous and LGBTQIA2S+
populations, are severely lacking. To effectively analyse and understand the intersection of
violence against Indigeneity, inequality, and social-economic contexts, as well as gendered
violence in the Arctic, disaggregated and meaningful data is required for comparison.

Policy relevant highlights include a call for the Arctic Council and its working groups
to promote the use of inclusive terminologies and apply gender mainstreaming. Further,
a reminder that the United Nations Declaration on the Rights of Indigenous Peoples is
relevant to all Council states, and a better understanding of inequalities faced by Indigenous
populations is vital for effective policy-making. The Arctic Council is encouraged to create
a mechanism—either through a task force or an expert group—to monitor the status of
Indigenous Peoples within the Arctic states, provide status reports and recommendations
on ways to address systemic inequalities. Finally, a call should be made to the SDWG to
initiate a project on sharing knowledge of best practices to prevent and raise awareness of
gendered violence in the Arctic.

The final theme addressed in the Empowerment and Fate Control chapter, led by
Marya Rozanova-Smith, Andrey Petrov, and Varvara Korkina Williams, seeks to identify
concrete strategies for political, economic, and civic gender empowerment in order to
facilitate sustainable policy-making for the Arctic. Gender empowerment is defined as
the capacity of all genders to exercise power in decision-making and the process by which
they, individually and collectively, can help themselves and others maximise the quality of
their lives. The term is closely linked to the concept of fate control, which is defined as the
ability to guide one’s own destiny and refers to a process that creates power in individuals
over their own lives, society, and their communities [55].

Enabling gender equality by empowering all genders to effectively participate in
modern society is one of the most important advances towards sustainable development,
encompassing equal representation in the politics and public administration, labour market,
and civil society [56] (SDG5). Recent studies demonstrate that, despite an increasing global
trend towards gender equality in general, and women’s empowerment in particular, it
varies dramatically across countries, regions, and communities, as well as across spheres of
engagement [57–60].

While the theme of gender empowerment in the Arctic regions has received limited
attention, gender empowerment processes are particularly important in the Arctic, which
is experiencing unprecedented climate-induced environmental change [61–64]. Simultane-
ously, divergent social, economic, and institutional changes are being observed in many
Arctic regions [3,65]. These changes require novel approaches to understanding gender
equality and empowerment in the Arctic that accounts for socioeconomic, political, cultural,
and ethnic diversity.

The authors pursue the idea that all social, economic, ethnic, demographic, and gender
groups must have an ability to thrive, in order to ensure the communities’, regions’, and
nations’ sustainable future. Gender empowerment is one of the most important elements
of such thrivability, as it encapsulates the ability of all genders to possess fate control and
pursue their individual and collective goals and aspirations as a part of a community.

The chapter on Empowerment and Fate Control suggest moving gender empower-
ment and fate control from the periphery to the centre of public discourse and decision-
making, as well as making sure to incorporate Indigenous Peoples’ traditions and perspec-
tives on gender and gender equality in the theoretical and practical framework of gender
knowledge building and policy.

Studies do not indicate a strong trend towards increasing female leadership and
women’s deeper involvement into regional economic and political affairs. However, local
self-government institutions and civic initiatives in the Arctic are increasingly engaging
women [66]. Despite the importance of the topic of gender empowerment and fate control,
there is a significant gap in both public information sources and academic knowledge
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about the current state and emerging trends of political, economic, and civic gender
empowerment in the Arctic. Gender indicators and indices are instrumental in capturing
gender equality and empowerment processes across all sectors and at all levels of politics
and government, economy, and civil society. The authors suggest a system of key variables
to provide a basic framework for analysing gender empowerment in the Arctic (GEA
indicators). This set of indicators will help monitor and compare the current state of gender
empowerment across Arctic regions and communities and identify key patterns over time.

Gender empowerment is key to community sustainability, resilience, and thrivability.
However, the Arctic is diverse, and there is no one-size-fits-all policy solution to gender
empowerment gaps. Underrepresented genders’ access to and participation in political,
economic, and civic spheres needs to be improved. In some Arctic communities, a particu-
lar focus should be placed on men’s empowerment and individual fate control. Gender
mainstreaming in policy and research plays an important role in attaining gender empow-
erment at the circumpolar and national scales, and should be continued while placing more
emphasis on regional to local (community) levels.

Policy relevant highlights include a call for the need to improve gender and sex- disag-
gregated data collection and access, to provide comprehensive, comparable and trackable
data across the region; a suggestion to establish a system of monitoring based on gender
empowerment indicators; to acknowledge and incorporate Indigenous Peoples’ traditions
and perspectives on gender and gender equality into legal, theoretical, and practical frame-
works of gender knowledge; to mainstream gender equality and empowerment at all levels
and in all spheres; to ensure an inclusive approach to gender equality.

5. Conclusions

What emerged during the process of writing the report was that accessible, compa-
rable, gender-disaggregated, and Arctic specific data was severely lacking. Furthermore,
where data is available for the Arctic, it is still lacking in specific data on Indigenous
populations and LGBTQIA2s+. This makes any meaningful comparison between, and
within, states near impossible in most cases and severely impedes efforts to adequately
understand the dynamics of gender across the Arctic. One of the main recommendations
of the report is, therefore, that the Arctic Council, as the leading political body within the
Arctic with members from all Arctic states and the Indigenous Permanent Participants, as
well as observer states, “should encourage and facilitate the development of guidelines for
consistent and comparable data and definitions throughout the Arctic. This would entail,
at a minimum, gendered and ethnically disaggregated data” [4] (p. 17).

All chapters also highlighted the importance of gender-based analysis and gender
mainstreaming in all decision-making processes at national, regional, and local levels.
This entails evaluating the effects of all actions, policies, and programmes on all genders
to ensure that decisions do not perpetuate existing inequalities and create new ones.
Moreover, temporary, special measures to reverse existing inequalities are recommended
as necessary. Again, the Council is identified as the main driver for implementing the
recommendations, both in its own work and by encouraging its Member States to set
an example at national and regional levels. Indeed, the report’s recommendations were
discussed at the AC Ministerial Meeting in Reykjavík on 20 May 2021, and in the Ministerial
Meeting declaration (the Reykjavík Declaration 2021) the AC “Emphasize[s] the importance
of gender equality and respect for diversity for sustainable development in the Arctic and
welcome[s] the Pan-Arctic Report, Gender Equality in the Arctic, Phase 3, encourage[s]
the mainstreaming of gender-based analysis in the work of the Arctic Council and call[s]
for further action to advance gender equality in the Arctic” [9] (p. 4). In Chapter 4 on
Sustainable Social Development in the Council’s Strategic Plan 2021 to 2030, also accepted
at the Ministerial Meeting in Reykjavík, the Council resolves to “promote gender equality
and non-discrimination in the Arctic with the aim of contributing to sustainability and
balanced participation in leadership and decision making both in the public and private
sectors” [10] (p. 5). The recommendations outlined in this report will help forward gender
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equality and non-discrimination in the Arctic, and it should, therefore, be seen as a key
means of achieving the goals outlined by the Arctic Council at the Ministerial Meeting
in Reykjavík.
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Abstract: Based on quantitative and qualitative analysis, this paper attempts to answer a research
question that is critical for many Arctic communities: “What makes local youth want to leave?” Using
the Russian Arctic cities of Naryan-Mar, Salekhard, and Novy Urengoy (Nenets and Yamalo-Nenets
regions) as case studies, this article explores how local youth contribute to social sustainability and
define the futures of their Arctic cities. The study identifies new variables relevant to the youth cohort
built on the Urban Sustainability Index and social sustainability model. Based on 400+ questionnaires
and interviews with Indigenous and non-Indigenous youth, education professionals, and public
officials, this study looks at the youth’s educational and professional strategies, social activities and
cultural consumption, migration patterns, and civic engagement in a broader context. This article also
discusses how local youth feel disempowered in building their futures and highlights the importance
of access to educational opportunities and wider career choices in the Arctic.
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1. Introduction

Fostering urban sustainability in the Arctic is one of the most pressing and challenging
tasks in the rapidly changing Circumpolar North, and it will be for many years to come.
In the Russian Arctic, since the beginning of its active exploration in the 20th century,
rapid resource-based industrialization has resulted in an unprecedented rate and scale of
urbanization, which has turned the remote Arctic regions into ‘hot spots’ of human and
social mobility. Today, the highly industrialized areas of the Russian Arctic are reaching
rates of urbanization comparable to the Russian average (74.66%), and the Yamalo-Nenets
(YaNAO) and Nenets (NAO) regions (83.95% and 73.76%, respectively) are no exception.

Developed in the Soviet times as the regional urban centers of NAO and YaNAO,
Naryan-Mar (1935), Salekhard (1938), and Novy Urengoy (1975) (Figure 1) were primarily
designated to drive the exploitation of natural resources and soon became symbols of
Soviet pride through heroic Arctic conquest. In the process, these cities became magnets for
young professionals both dreaming of new feats and searching for upward social mobility
and economic benefits. Cultivated over time, a diverse range of administrative functions
failed to make these cities’ economies diversified enough to sustain themselves in the
situation of natural resource depletion or lower demand on the global market in times of
substantial transition to renewable energy [1]. Today, both study regions are showcases of
Arctic economies that are still dominated by natural resource industries, the government
sector, and traditional subsistence activities [2].
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Figure 1. Map of the study sites showing the share of the city population aged 16–29 years. Author’s calculations
based on [3].

Rich in reserves of hydrocarbon raw materials, the local economies of NAO and
YaNAO are heavily reliant on oil or gas extraction. NAO’s estimated natural resources
are 1 billion tons of oil and 500 billion cubic meters of gas. In recent years, 80–85% of
the regional budget revenue came from taxes levied on oil companies. However, 84% of
the tax revenue goes to the federal budget, and Naryan-Mar has limited resources for
socioeconomic development and innovative practices [4,5]. YaNAO houses approximately
60% of Russia’s gas reserves and 14% of its oil reserves, making it a highly attractive location
for investments and development. The region is experiencing intensive economic growth.
It is introducing mega-projects in the gas industry (with over 80% of all of Russia’s natural
gas production and over 60% of all-Russian LNG production), experiencing increases in
urban infrastructure, and aggressively expanding transportation systems. Today, YaNAO
is running one of the world’s largest LNG projects. Related to oil and gas transportation,
Yamal has one of the largest gas pipeline systems in the Circumpolar North. It is also one
of the federal budget “donor regions”, providing more than 10% of Russia’s federal budget
revenues [6]. Both the NAO and YaNAO regions are home to Indigenous Peoples pursuing
a traditional way of life, and ambitious development projects are often confronted with
intensified competition for land use with an Indigenous subsistence economy [7].
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The three Arctic cities explored in this paper are different yet indicative cases of the
overreliance on natural resource-based regional economies in the Arctic. Naryan-Mar and
Salekhard—regional capitals (administrative centers) with regional legislative institutions—
are located on Indigenous ancestral lands and are home to the Arctic Indigenous Peoples.
Naryan-Mar’s population of 25,536 (2021) is heavily dominated by ethnic Russians, with
the second-largest group being Indigenous Peoples (Nenets and Komi (14.01%)) [8]. In
Salekhard, with a population of 51,186 (2021), there are strong trends towards greater
diversity. Among the numerous top ethnic groups are Russians, Tatars, Ukrainians, and In-
digenous Peoples of the North (8.47%), including Nenets, Khanty, and Komi-Zyrayane [9].
The most populated city Novy Urengoy (118,115 residents, 2021), unofficially called the
“Gas Capital of Russia”, is a truly ethnically and culturally diverse YaNAO industrial
capital with new strong trends towards even greater ethnic, cultural, and religious com-
plexity [9,10]. The exception here is the absence of Arctic Indigenous Peoples: Only a few
Indigenous families have settled in Novy Urengoy as for centuries Nenets People have
viewed this location as “The Land of Fire”, a deathtrap.

Today, NAO and YaNAO hold the top two positions on the list of Russian regional GDP
per capita [11], which is approximately ten (!) times higher than the national average [6].
At the same time, both NAO and YaNAO are the only regions in Russia that do not have
universities, and NAO has no scientific research centers. Their absence not only presents a
clear barrier for the emergence of a modern knowledge-based economy in these resource
bases, but can also greatly affect the local youth and their education, career, and life choices.

Based on quantitative and qualitative analysis, this paper attempts to answer the
critical research questions: “What makes local urban youth in the two wealthiest regions of
Russia—the Nenets and Yamal Nenets regions—want to leave permanently?” and “How
does this influence broader-scale patterns of social sustainable development in the Arctic?”

Assessment of multiple risks associated with regional economies, environment, and
local communities within the theoretical framework of sustainability is gaining more at-
tention in science and recognition in policymaking across Arctic regions. Despite the
initial predominant focus on economic sustainability aspects (this vision of sustainability as
economic sustainability is still prevalent in official documents in the public administrative
sphere in Russia [12] (Decree of Administration of Naryan-Mar N 422 (31 March 2015) “Ob
utverzhdenii plana pervoocherednykh meropriyatiy po obespecheniyu ustoychivogo razvi-
tiya ekonomiki i sotsial’noy stabil’nosti v MO “Gorodskoy okrug” Gorod Naryan-Mar [“On
approval of the Plan of Priority Measures to Ensure Sustainable Economic Development
and Social Stability in the City of Naryan-Mar”]; Strategy of Socioeconomic Development
of Naryan-Mar till 2030; Strategy of Socioeconomic Development of Salekhard till 2030;
Strategy of Socioeconomic Development of Novy Urengoy till 2030); see also: [13]) and
environmental sustainability aspects, studies are now shifting towards a more comprehen-
sive approach including a social component [12–16]. The concept of ‘social sustainability,’
a relatively new conceptual analysis area in wide-ranging sustainability, is firmly placed at
the forefront of emerging Arctic urban sustainability studies [12,13,17–19].

The conceptualization of social sustainability is problematic [20] due to its multifaceted
complexity and dynamism. Out of the myriad of employed definitions, in this research,
‘social sustainability’ is presented through the prism of a future-oriented construct of
“sustainable urban communities”, which are broadly defined as “places where people want
to live and work, now and in the future” [21] (p. 6).

In Russia, academic and public discussions conceptualize the future of the North and
its urban areas generally through the prisms of applied economic theory [22] with elements
of instrumental rationality, economic geography [23], or allusions to a Soviet historical
legacy of Arctic exploration and post-Soviet narratives about the Arctic and its role in
national identity and pride as, e.g., described in [24]. To a lesser extent, these discussions
apply concepts of social psychology such as belonging and emotional attachment to place
and community [13,23].
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Often overlooked in sustainability studies [25], youth need a special focus of atten-
tion in the future-focused approach as drivers of economic change and contributors to
local communities’ development. This study identifies the following key components
of social sustainability [20,26,27] as especially relevant to urban youth of various age co-
horts between 14 and 35 years old in the three Polar cities of Naryan-Mar, Salekhard, and
Novy Urengoy:

• Opportunities for education and training (including well-performing higher
education institutions).

• The scale of migration and its patterns.
• A wide range of high-quality jobs available for local youth.
• Opportunities for cultural, sports, and leisure activities.
• Social integration and social contribution (community and voluntary sector).

To measure these components, a system of youth-relevant indicators has been devel-
oped. Primarily based on ISO 37120 (Sustainable cities and communities—Indicators for
city services and quality of life) (ISO, 2018) and the findings of the Program for Interna-
tional Research and Education project “Promoting Urban Sustainability in the Arctic” (PIRE
Project) (PIRE), this paper also introduces new variables (e.g., entertainment and civic activ-
ities) (see Appendix A, Table A1). Due to limitations on data availability, other components
of social sustainability, such as “Feeling of belonging (emotional attachment) to a place and
community”, “Affordable housing”, and “Political engagement and empowerment” are
not a part of analysis in this paper.

Among the selected social sustainability components, local youth migration is “one of
the main drivers of changes in the urban landscape” [28] (p. 108). In many ways, other
components can be described as underlying determinants of migration trends that affect
migration flows, particularly youth out-migration.

In Arctic social studies, youth have been a special focus for decades [29–36]. Despite
an increasing research interest in Russian Arctic youth’s portrait and migration motiva-
tions [37–41], our knowledge in this sphere is still scarce. This limits our understanding of
the factors contributing to social sustainability in the Arctic regions for the years ahead. In
an attempt to fill some knowledge gaps, this paper presents Arctic youth’s voices on their
educational and career strategies, migration patterns, and future prospects.

2. Materials and Methods

2.1. Rationale for the Selection of Study Sites

This study uses the three Arctic cities of Naryan-Mar, Salekhard, and Novy Urengoy
in NAO and YaNAO as case studies that are indicative of many Circumpolar regions.
Based on functional classification, the focal cities represent two major models in the Arctic:
administrative centers (Naryan-Mar and Salekhard) with the dominance of the government
sector in the economy, and an industrial center (Novy Urengoy) with an economy based
on natural resource extraction. In addition, NAO and YaNAO are the two wealthiest
major economic centers among the Russian regions (GDP per capita), which helps to shed
light on challenges and opportunities that Arctic youth can experience in other affluent
Circumpolar regions.

2.2. Design of Selected Social Sustainability Indicators

As part of a contribution to studies on Arctic urban sustainability, this research applies
metrics created by ISO 37120 [42], which have been modified to study youth. Aimed at
finding some gaps in the system of ISO indicators related to the North’s specific features,
this novel approach includes analysis of variables that are likely to affect the future social
sustainability of the Arctic urban communities. As presented in Appendix A (Table A1),
the selected variables include relevant values covered by ISO and complementary variables
explicitly designed for urban youth. Among them are demographics, education, economics,
culture, sports, entertainment, civil society, and political empowerment indicators.

40



Sustainability 2021, 13, 12058

2.3. Methods

Data for indicators were collected from primary and secondary sources of information
and included regional and municipal statistical datasets (Rosstat), ISO 37120 developed by
the PIRE project’s experts, reports from government bodies, municipal development plans,
and regional strategies, and municipal reports.

The quantitative analysis of indicators complements qualitative findings based on
informal surveys (questionnaires) that included young people, education and labor mar-
ket professionals, interviews with local officials and Indigenous leaders, and participant
observations undertaken during the author’s qualitative research in the focal study areas.

In this study, questionnaires were chosen as the most efficient survey method as they
allow for information to be gathered from large audiences and for results to be compared.
They can also be used in future research to measure change, as well as preserving the
anonymity of survey participants. Overall, 406 participants contributed to this study in
the form of informal surveys (questionnaires) and interviews. The youth survey enrolled
local young people—258 high school and vocational college students, including predomi-
nantly Indigenous high school students from the boarding school in NAO (Naryan-Mar)
(50 respondents); high school students in NAO (Naryan-Mar) (36 respondents); high school
students in YaNAO (Salekhard and Novy Urengoy) (84 respondents); and vocational
college students in NAO (Naryan-Mar) (40 respondents) and YaNAO (Salekhard) (48 re-
spondents). Questionnaires addressed the following topics: youth’s life strategies (where
they see their future); education and career strategies (who they want to be, where they
are planning to proceed with their education, where they want to work); advantages and
barriers to professional/personal growth in their home regions; students’ networks outside
their cities (friends and relatives); and students’ leisure time and hobbies. To ensure that
the study posed no risks to the participants, the questionnaires did not include the sensitive
topic of political engagement and empowerment.

To understand the broader context, provide additional insights, and better under-
stand local labor market conditions and challenges for local youth, 132 education and
employment services professionals (52 in YaNAO and 80 in NAO) were surveyed. The
questionnaires were focused on the most pressing issues that young city-dwellers face in
the NAO and YaNAO regions, including education and career opportunities as well as
local labor market conditions. All surveys were carried out face to face. They contained
both open-ended and closed questions; the latter also included a continuous rating scale to
measure the strength of attitudes. In addition, sixteen in-depth, semi-structured, in-person
interviews about local labor market conditions and opportunities for the local youth were
conducted with regional officials and Indigenous leaders who live and work in the focal
cities of NAO and YaNAO. This method was preferred as it is the most effective method
for qualitative research for understanding the societal context and exploring respondents’
opinions and experiences. Also, this method was chosen because of its practicality, as it
enables researchers to reach this focus group. Initial interview respondents were selected
through personal contacts, and the interviewee pool was developed using the snowball
sampling method. All the interview participants were notified about the research and its
objectives, and their consent for participation was received. Interviews were analyzed in
detail primarily through thematic analysis.

3. Results

This section is organized in the following way. Each thematic part first presents
available statistical information and analytical data in the broader context to examine key
components of social (socioeconomic) sustainability primarily based on ISO 37120 in the
three focal Polar cities, and then complements and links them to results of surveys during
the author’s qualitative fieldwork. The presented complementary qualitative findings
voicing Arctic youth’s vision of their education, career, life strategies, leisure time activities,
and social connections support the quantitative analysis of social sustainability components
and indicators of urban sustainability relevant to the Arctic youth.
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3.1. Educational and Labor Market Opportunities for Local Youth: General Overview

Among the important common characteristics of the Northern cities of Naryan-Mar,
Salekhard, and Novy Urengoy that to a certain extent determine both the local youth’s
education and career paths and life strategizing are: (1) no higher education institutions,
and (2) a dominant natural resource-reliant economy that creates a highly competitive
labor market for high-, semi-, and low- skilled workers.

3.1.1. Paradox: No universities vs. highest rates of university degrees among residents

Nowadays, NAO and YaNAO are the only two regions in the Russian Federation
that do not have higher education institutions. By not investing in human capital in
these “donor regions” through the higher education system, the federal government de
facto forces employers to bring in well-trained crème de la crème professionals from
elsewhere. Correlating with ISO indicator 6.6 “Number of higher education degrees per
100,000 population” (Appendix A, Table A1), available data on the share of the employed
population aged 25–64 with higher education show that NAO and YaNAO are experiencing
an increasing influx of highly skilled labor (Figure 2).

 

Figure 2. Dynamics of changing share of the employed population aged 25–64 with higher education (in %). Author’s
calculations based on Federal State Statistics Service of the Russian Federation (Rosstat), 2020 (annual sample surveys of the
labor force).

This situation illustrates one of many Arctic paradoxes: two regions with no university
education services have the highest university degree rates among residents in the country.
As a result of this paradox, local high school and vocational college students are most
likely to consider educational migration as the only way out (see survey results, Section 3.2
below). Often this decision to leave is a point of no return. Similarly to many other
Circumpolar regions, return migration remains low: “leaving a region in pursuit of higher
education increases the chance of a student starting a family [and/or new career path—
author’s] close to their place of education, which can decrease the likelihood of eventually
returning to their region of origin” [43] (p. 183).

Although the Russian official statistics do not provide data on “city-to-city” and re-
turn migration [44] and accurate numbers are unavailable, webometric research findings
by Moscow State University confirm the general trend: young people do not return to
their Arctic home cities with university diplomas [45] and are likely to settle elsewhere
in better climatic conditions and with a wider range of professional development op-
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portunities. These results also concur with findings from surveys among education and
employment professionals (72% described youth’s permanent out-migration as a strong on-
going trend) and the author’s interviews with local officials who recognize these processes
as a serious concern.

From a historical perspective, youth exodus, primarily non-Indigenous, from the Rus-
sian Arctic is not a new phenomenon [46–49] in the dynamic and continuously changing
Arctic, but rather a “continuation of a family cycle, migration to the North–migration
from the North, which takes between one and three generations to complete” [50] (p. 61).
However, the scale of today’s ongoing youth educational out-migration and the exacerbat-
ing trend of youth reduction in the working-age cohort signal an ongoing demographic
shift (Figure 3) and future labor supply challenges. In all focal cities’ official Strategies of
Socioeconomic Development until 2030, youth exodus is described as a clear threat to local
economy and a challenge for city youth-oriented policies [51–53].

 

Figure 3. Dynamics of changing share of young adults in the 16–29-year-old cohort in Naryan-Mar, Salekhard, and Novy
Urengoy, 2012–2019 (in %). Author’s calculations based on [3].

Despite ongoing negative demographic trends, there is still no indication of a strong
deficit of young people of working age for local economies. Out-migration of young
adults meets a counter-trend—both Northern regions (urban centers) turned into magnets
receiving a surplus of young people of working age (predominantly between 20 and 30),
both high- and low-skilled professionals [28,54] (3).

3.1.2. Arctic Labor Market and Left behind Locals

The economies of NAO and YaNAO are heavily dominated by natural resource
industries, the government sector, and traditional subsistence activities [2]. Depending on
the city’s central role as an industrial or administrative center, the most lucrative sphere of
employment with higher wage rates in focal urban areas remains oil and gas companies
(Novy Urengoy) and the government sector (Naryan-Mar and Salekhard) [5,6]. Overall,
in NAO, the oil sector generates 8700 jobs (25% of the total NAO labor resources) [5], and
the government of the regional capital of Naryan-Mar is the top employer (17% of total
city employees). In YaNAO, the oil and gas sector generates 27% of the total jobs [6]; in
Novy Urengoy, the gas capital of YaNAO, the fuel and energy complex employs 40.7% of
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the total labor resources [6], while in Salekhard, the government is one of the top sectors of
employment with 27% of total city employees [52]. The question remains as to who can
obtain high-quality jobs in those key economic sectors.

As a long-established and globally widespread practice in extraction industries [55–59],
primarily oil and gas in these regions, corporations heavily rely on an “imported” tempo-
rary and fly-in, fly-out (FIFO) workforce and are reluctant to hire locals outside of a narrow
range of qualified professionals specially trained for their needs or unskilled workers for
miscellaneous services (e.g., cleaning, catering, etc.). A significant gap is also diagnosed
between the level of remuneration in the extractive industries and other sectors of the
economy. For instance, in NAO, the average monthly salary in extractive industries is more
than 100 thousand rubles, while in other sectors of the economy, it is about 50–70 thousand
rubles [53].

In addition, the regional labor markets are also saturated with newcomers from
Russia’s northwestern and central regions and the North Caucasus (predominantly from
Dagestan and Chechen Republic) [60], who intend to stay for prolonged periods of time,
as well as seasonal labor migrants from ‘near-abroad’ (primarily from the Central Asian
countries of Kyrgyzstan, Uzbekistan, and Tajikistan), and diverse labor migrants from
Azerbaijan [10,61,62]. It is plausible that competition for jobs between semi- and low-skilled
young locals and newcomers is so intense that the former ones who have not left their home-
towns for better education and training perceive themselves as “left behind” vulnerable
Northerners. For instance, in Salekhard, the survey presented in the Strategy of Socioeco-
nomic Development of Salekhard until 2030 indicates a high level of vulnerability among
low/semi-skilled workers: 100% of respondents without higher degrees expressed serious
concerns about poverty and unemployment; in comparison, only 56% of respondents with
higher degrees were concerned about poverty, and 49% about unemployment.

An effort to address the lack of available high-quality jobs for young residents was
initiated in NAO in 2016. The authorities introduced quotas for all companies with more
than 50 employees working in the region to hire local residents [63]. However, the imple-
mentation of this initiative is problematic: quotas, even when “formally” filled, do not
guarantee the locals prospective and well-paid positions.

Top oil and gas extraction companies—Rosneft (NAO) and Lukoil, Novatek, and
Gazprom (YaNAO)—have invested in youth human capital by supporting educational
initiatives, yet the outcomes are very modest and do not make any difference in the local
labor market in the broader context of Arctic social sustainability. For instance, under an
NAO administration initiative, in 2012, Rosneft launched an educational project of small-
numbered high school classes with intense specialized training for the best high school
students (10th–11th grade) in the region. Since 2012, out of almost 100 graduates from
Rosneft classes, only one has been employed in this oil company, and five students have got
scholarships at the Ukhta State Technical University in the neighboring Komi region [64].
In Salekhard and Novy Urengoy, similar educational initiatives are being implemented by
Gazprom (since 2010), Novatek (since 2018), and Lukoil (since 2020). In addition to these
specially organized high school classes, Gazprom also runs a company-owned Vocational
School in Novy Urengoy and provides employment opportunities to some graduates
for positions that do not require university diplomas. Although neither the Ministry of
Education of YaNAO nor Gazprom publish information about graduates’ employment
results and career paths, based on the results of interviews and general observations, one
can suggest they are also not impressive.

Indigenous youth have been especially affected by highly limited state-funded schol-
arship opportunities and the de facto abolition of the Soviet system of targeted enrollment
of Indigenous students. To address this issue, new initiatives for new enrollment pro-
grams have been presented by the Russian Association of Indigenous Peoples of the North
(RAIPON) [65,66], which may have a positive effect on educational and career opportu-
nities for Indigenous youth in the near future. Also, in 2020, the YaNAO government
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initiated a regional limited support program for Indigenous students to compensate for
their education costs [67].

Typical of many Arctic resource-based economies, gender segregation in labor mar-
kets [68–70] sharply appears in both Arctic regions and primarily affects women by nar-
rowing their chances for economic empowerment to traditionally female occupations in
the social and NGO sphere, education, medicine, and public (municipal) administration.
Nevertheless, there are strong signs of young women’s growing interest and involvement
in entrepreneurship and social entrepreneurship, particularly. Since 2018, both regional
governments subsidize small business initiatives, organize educational training programs,
and provide opportunities for mothers with small children to get back to work (for in-
stance, the Yamal educational project “Mom Is an Entrepreneur” [71]). YaNAO also has
one of the highest ratings of governmental support out of all Russian regions for socially
oriented NGOs [72] to promote and encourage predominantly female social entrepreneur-
ship. Although the YaNAO and NAO programs are not aimed at overcoming traditional
gender-based labor division, they firmly intend to create more opportunities for women in
the local labor markets.

3.2. Educational Opportunities and Career Prospects through the Eyes of the Local Youth

The results of the youth survey revealed that to be competitive in the Arctic labor
market, young people approaching high school or vocational school graduation who seek
higher education opportunities and higher social status have to leave.

In Naryan-Mar, 9% of male and 8% of female high school students stated their intention
to live in their home region (Table 1), while in Salekhard and Novy Urengoy, it is only 4 (!)
% for both genders, respectively (Table 2).

Table 1. Settlement preferences among high school students (14–17 y.o.) in Naryan-Mar (%, partici-
pating respondents).

Planning to Live in
No Not Sure Yes, Most Probably

Male Female Male Female Male Female

NAO 72 64 18 28 9 8

Another region in Russia 9 8 36.5 20 54.5 72

Another country 54.5 76 27.5 4 18 20
Source: Author’s survey, conducted with Dr. Andrey Gretsov (high school students from Naryan-Mar).

Table 2. Settlement preferences among high school students (14–17 y.o.) in YaNAO cities of Salekhard
and Novy Urengoy (%, participating respondents).

Planning to Live in
No Not Sure Yes, Most Probably

Male Female Male Female Male Female

YaNAO 77 64 19 32 4 4

Another region in Russia 8 5 11 19 81 76

Another country 54 45 31 40 15 15
Source: Author’s survey, conducted with Dr. Andrey Gretsov (high school students from Salekhard and
Novy Urengoy).

In the boarding school in Naryan-Mar, among predominantly Indigenous students,
17% of male and 26% of female students see their future in NAO (Table 3). On the one
hand, these numbers reflect that Indigenous people in the Arctic keep strong bonds with
their lands. On the other hand, they may also reflect that students’ parents who live in
rural areas and are involved in subsistence economy might have less financial aid to pay
tuition and living costs to send their children to obtain better degrees [73].
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Table 3. Settlement preferences among predominantly Indigenous high school students (14–17 y.o.)
in Naryan-Mar (%, participating respondents).

Planning to Live/Study in
No Not Sure Yes, Most Probably

Male Female Male Female Male Female

NAO 57 36 26 38 17 26

Another region in Russia 24 24 10 38 66 38

Another country 76 83 14 10 10 7
Source: Author’s survey, conducted with Dr. Andrey Gretsov (high school students of the Pyrerka Boarding
school in Naryan-Mar).

Nearly one third of vocational students from our focus groups expressed their intent
to stay in their regions; others, to a greater or lesser degree, are considering relocation as a
part of their life strategy (Tables 4 and 5).

Table 4. Settlement preferences among vocational college students (17–21 y.o.) in Naryan-Mar (%,
participating respondents).

Planning to Live in
No Not Sure Yes, Most Probably

Male Female Male Female Male Female

NAO 23.5 26 43 42 33.5 32

Another region in Russia 33 48 40 20 27 32

Another country 80 72 20 24 0 4
Source: Author’s survey, conducted with Dr. Andrey Gretsov (vocational students in the colleges of Naryan-Mar).

Table 5. Settlement preferences among vocational college students (17–21 y.o.) in YaNAO cities of
Salekhard and Novy Urengoy (%, participating respondents).

Planning to Live in
No Not Sure Yes, Most Probably

Male Female Male Female Male Female

YaNAO 18.5 50 46.5 16.5 35 33.5

Another region in Russia 33 44 37 17 30 39

Another country 54 78 33 11 13 11
Source: Author’s informal survey, conducted with Dr. Andrey Gretsov (vocational students in the colleges
of Salekhard).

Among the vocational students who indicated a willingness to relocate to other
cities/regions/countries, 86% planned to obtain higher degrees and get better skills to
compete in the job market.

3.3. Employment Opportunities through the Eyes of the Local Youth

Despite the relative economic prosperity of these two Arctic regions and low un-
employment rates among the young (ISO Indicator 5.4: 3.7% for Salekhard and Novy
Urengoy, and 4.7% for Naryan-Mar [74] (Appendix A, Table A1)), local Arctic youth—both
Indigenous and non-Indigenous—anticipate difficulties in finding suitable jobs and are
mostly pessimistic about their prospects in hometowns.

For instance, college students found themselves in a challenging position: In YaNAO,
50% of females and 30% of males expressed strong concerns about their employment and
job possibilities, pointing out a “lack of jobs”—mainly due to competition in the local labor
market; in NAO, those percentages were 60% and 50%, respectively.

High school students also indicated significant obstacles to getting a job in the local
labor market. In NAO, 36% of female and 18% of male students pointed out “lack of
vacant jobs/lack of jobs in the certain specialty”; 27% of male students also mentioned “low
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educational level”, and 18% “high competition” and “low paid jobs”. In boarding school,
students (predominantly Indigenous) indicated even deeper concerns: 48% of females and
24% of males pointed out “lack of vacant jobs/lack of jobs in the certain specialty”; 21% of
females also indicated “low educational level”, and 14% of males—“high competition”.

In YaNAO, 26% of females and 27% of males indicated “low educational level”; 24% of
female and 15% of male students pointed out “lack of vacant jobs/lack of jobs in the certain
specialty”; 26% of female and 15% of male students pointed out “lack of professional
experience”. Also, 27% of males indicated “high competition”.

In all groups, students of both genders often mentioned, among other factors, ”lack of
professional experience” (often required by employers), “low paid jobs”, “family issues”,
including “family’s disapproval of professional choice”, “laziness”, and “low confidence”,
“lack of connections”, “financial issues” (no possibilities to relocate or to start a small
business), “limited job vacancies available”, “a highly narrow, single-industry economy
and the [economic— author’s] underdevelopment in the region”, etc.

Continuing professional development and career building in the Arctic is also viewed
as problematic for respondents. Among the main reasons, they mentioned “narrow range
of professions”, “underdevelopment of the region”, and “not enough opportunities to
carry out certain activities” (female students, NAO); “few centers with diverse areas of
professional activity”, “it is hard to get the initial capital for professional growth and get a
job with a good salary and [with the prospect — author’s] of growth on the career ladder;
it is challenging, you need to be a first-class professional” (male students, YaNAO). At the
same time, as was illustrated by the survey participant, good education combined with
professional competence is the key to success in their hometowns: “With a good education
and professional skills, competition is reduced at times” (male college student, NAO).

The study also revealed gender differences in students’ career preferences and that
gender-related imposed choices of professions are more prevalent among females. Female
students tend to think big and outside the box. Overall, they may have great poten-
tial for professional growth and future empowerment. However, even though they are
inspired to be geologists, policewomen, ecologists, customs officers, chemists, movie
producers, pharmacists, architects, and prosecutors, many emphasized the gap between
personal aspirations and realities. They admitted that they were more likely to become
(pre)schoolteachers, nurses, etc. For instance, in Naryan-Mar, predominantly Indigenous
female students (14–17 y.o.), who came from remote Indigenous communities or origi-
nated from families pursuing traditional, including nomadic, lifestyles in remote rural
areas of the NAO, demonstrate significant shifts in career strategizing while admitting the
insurmountable obstacles to achieving their goals:

“I really want to work in law enforcement agencies, in the police. However,
I’m not sure whether I can enter and learn this profession with my academic
performance. In this case, I am thinking of applying to be a preschool teacher”
(female student, NAO); “I would love to become a choreographer, but I am
thinking about the profession of a physical education teacher in a school” (female
student, NAO).

Among other barriers for youth’s employment in their Arctic regions that cannot be
seen in official statistics and reports, the respondents pointed out various forms of nepotism
and cronyism in the labor market, with elements of the closed culture of corporatocracy:

“If you do not have good connections and money, then you will not have any pro-
fessional growth” (female student, NAO); “If you do not have friends, it is hard
to get a job” (male student, YaNAO); “You can get a job (good, well paid) ONLY
through CONNECTIONS” (male vocational student, YaNAO); “A large number
of private entrepreneurs hire relatives” (male vocational student, YaNAO).

Out of many advantages of working in the North, the young respondents primarily
acknowledged the government economic and social support system built in the Soviet era
to stimulate Arctic regional development [75–78]. For instance, among the advantages of
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working in YaNAO, 50% of female and 53% of male college students mentioned higher
salaries and Northern allowances, and 17% of females and 20% of males mentioned
long vacations. Also, 27% of male students highlighted early retirement with additional
allowances vs. just 6% of females, respectively (“Working in the YaNAO, your length of
service is calculated one year for two, or, in some cases, for three years. In other words, you
can earn a pension faster here and receive a Northern allowance on top of your pension”
(female college student, YaNAO)). In NAO, 36% of female and 53% of male college students
mentioned higher salaries and Northern allowances.

On the one hand, high school respondents believed that the underdeveloped service
sphere and undiversified Arctic economy potentially open vast opportunities for starting
their own businesses (17% of female students in YaNAO and 20% of female students in
NAO vs. 0% of males, respectively): “There are advantages for the development of small
businesses, since there are not enough here” (female student, YaNAO); “ . . . to open a
production line of goods that are not available in the region” (female student, NAO). On
the other hand, high school students, especially females, less reliant on the paternalistic
model of governance, see very few or no advantages and prospects in the Arctic regions
(22% of females in YaNAO and 28% in NAO).

In YaNAO, among the five top-rated future prospective labor sectors in their regions,
students, especially females, identified those related to the government and government-
funded sectors (schools, hospitals) or big businesses with a high level of government
involvement (oil and gas industries). Female students also view jobs in the traditional
female domain as the most prospective—44% in medicine and 33% in education—while
male students chose the male-dominated IT sphere (see Figure 4).

 

Figure 4. YaNAO vocational students’ choices of future prospective labor sectors in their regions.
Top 5 identified (%).

In NAO, with minor exceptions similar to Yamal, both male and female students
are also in a path dependency situation. While females consider education (44%) and
medicine (36%) among their top spheres, males view the oil and gas industries and reindeer
husbandry as the core of Nenets’s traditional economy, as well as transportation and
construction as the most attractive and promising professions in NAO (Figure 5).
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Figure 5. NAO vocational students’ choices of future prospective labor sectors in their regions. Top 5
identified (%).

3.4. Opportunities for Cultural Activities, Sports, and Entertainment: General Overview of
Cultural Infrastructure

Regarding cultural infrastructure, “the number of cultural institutions, such as theaters,
movie houses, and libraries, is only a starting point for understanding the cultural vitality of
the city” [13] (p. 284) (ISO indicator 17.1, “Number of cultural institutions and facilities per
100,000 population”). The cultural indicator values (28 for Naryan-Mar, 22 for Salekhard,
and 17.2 for Novy Urengoy (Appendix A, Table A1)) do not explain the real spectrum of
opportunities for diverse young urbanites in the cultural sphere and therefore require a
broader context.

In NAO and YaNAO, revenues coming into the regional budgets from extraction busi-
nesses allow local authorities to invest in cultural infrastructure, yet the policy implications
differ in each of the three cities. Rooted in the Soviet tradition of formal cultural recogni-
tion [79], cultural policy priorities are largely determined by cities’ ethnic composition and
share of Indigenous population (Table 6).

Given the increasing trend of Indigenous urbanization, governments in both regional
capitals—Salekhard and Naryan-Mar—acknowledge Indigenous heritage and emphasize
symbolic recognition policies by “Indigenizing the urban landscape”, supporting and
promoting refined forms of Indigenous cultures [79]. While meaningful to Indigenous
youth, these cultural initiatives do not equally benefit all Arctic youth groups.

The private sector in the sphere of culture is mostly underdeveloped, especially in
Naryan-Mar and Salekhard, because of the low number of their population that does not
generate great consumer demand. For instance, in YaNAO, the share of private businesses
in the total number of organizations providing cultural services is 25% (for comparison,
in Russia it is 53%, 2018) [6] (p. 56). To a lesser or greater extent, all three cities are
experiencing a deficit of services of high importance for urban youth social life—cinemas,
commercial concert halls hosting diverse and popular artists, diverse meet-up places for
amateur interest groups, non-government youth creativity centers, as well as professional
theatres s [80] (Figure 6).
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Table 6. Ethnic composition of the cities: largest ethnic groups (%).

Major Ethnic Groups Naryan-Mar Salekhard Novy Urengoy

Non-Indigenous

Russians 79.41 61.27 64.14

Ukrainians 2.35 5.80 10.76

Tatars 0.56 8.50 4.99

Belarusians 0.70 0.74

Azeris 0.63 - 1.95

Bashkirs - 0.58 1.69

Nogais - - 2.61

Kumyks - - 2.06

Chechens - - 1.12

Kyrgyz - 0.96 -

Indigenous

Nenets 6.71 2.83 -

Komi/Komi-Zyrayane 7.30 2.56 -

Khanty - 3.08 -
Source: The Russian Census of 2010 (latest available data).

 

Figure 6. Number of cultural institutions (facilities) per 100,000 people, and employment in the cul-
tural sphere (as a percentage of total employed). Sources: Author’s calculations based on Municipal
Statistics, Federal State Statistics Service of the Russian Federation (Rosstat), 2019 (latest available
data); Regiony Rossii. Sotsial’no-ekonomicheskiye pokazateli – 2019. Rosstat:Moscow, 2019; 2gis.ru.

3.4.1. Cultural Facilities in Naryan-Mar: Diversity in the Monotony

Despite a high value for the 17.1 ISO indicator, not all cities’ cultural facilities meet
the expectations of different local youth groups. Naryan-Mar has a rather ethnically
homogenous society with a relatively significant share of Indigenous population and
limited cultural diversity policies: The cultural institutions are mostly folklore-oriented
and work as fabrics for refining primarily Arctic Indigenous art and culture. For instance,
under the umbrella of the budget-funded Culture Center “Arktika” and Ethnocultural
Center, out of thirteen dance, choir, and theatrical studios with young people, only four
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are relevant to youth modern mainstream culture. The rest are folk-specific and, although
culturally diverse, limited to Northern (including Russian) cultures only. Growing ethnic
groups (both new and well-established but small-numbered) are not very well represented
in the cultural sphere. Despite officially registered Dagestani, Tatar-Bashkir, and Chuvash
associations [81], and Azeri people’s visible presence, they are not perceived as an integral
“permanent” part of the cultural and social fabric and thus not equally displayed in the
public cultural domain.

Such a practice of selective cultural inclusion might also be influenced by the general
public’s views in this region on diversity policies: A public survey conducted in 2019
revealed that only 53% of respondents believed that all residents of ethnically defined
autonomies, such as NAO, have equal rights regardless of their ethnic background; 37.5%
expressed a strong belief that Indigenous Peoples are entitled to have more rights in
their ancestral homeland than other ethnicities; 9% did not have an opinion about this
matter [81].

Functionalities of other city cultural institutions are somewhat narrow and old-
fashioned and play a minimal role in young city dwellers’ everyday lives. The Central
Library of NAO in Naryan-Mar offers special events and programs mainly oriented to
children and older adults. Nenets Regional Museum of Local Lore has rich permanent
collections and professional tours led by historians and Indigenous researchers. However,
they are rather tourist-oriented and not a constant point of attraction for young locals.

3.4.2. Cultural Facilities in YaNAO: Move towards a Greater Diversity

In YaNAO, both focal cities with their more significant mobility patterns present “an
ongoing progressive move from a Eurocentric culture toward greater hybridization” [82]
(p. 3) and more versatile cultural policies that are acclimating to better meet youth’s expec-
tations. The Department of Culture of the YaNAO focuses on preserving and developing
cultural heritage and the inclusion of trendy, modern styles.

Novy Urengoy, as a young single-industry city founded in 1975 without much of a
historical legacy beyond gas exploration, does not have a variety of museums except the
Gazprom Museum and Art Museum, the only one in Yamal. Despite that, the city’s support
for popular youth cultures and diverse activities makes it more attractive for the young
generation. It also contributes to and defines the Arctic shifting identity with emerging
forms of Arctic ethnic and cultural diversity [83] and provides more opportunities for
young newcomers to integrate into the Arctic mosaic social fabric.

In Salekhard, government-supported ensembles and studios that welcome young
people reflect growing cultural diversity. Among them are the folklore ensembles of the
peoples of the North Caucasus “Siyanie gor”, Tatars and Bashkirs “Duslyk”, and Mari
people “Mari Kundem”. Overall, out of eleven government-funded cultural projects, only
three are ethnically neutral, and out of eight ethnically oriented projects, five promote the
Indigenous cultures of the North.

The Department of Culture of YaNAO made a successful attempt to revitalize old-
fashioned “monofunctional” cultural institutions to make them constant points of attraction
for diverse cultural, intellectual, and social activities (for instance, the project “New Library
of Yamal” [84]; a good example here is the remodeling and reformatting of the Yamal
National Library in 2017). Importantly, it has also supported inclusivity in the cultural
sphere by establishing a studio of creativity for people with disabilities.

3.4.3. Cultural Economy for Indigenous Youth

In Salekhard and Naryan-Mar, the Soviet cultural recognition policies’ legacies are
still vital and set the agenda in the cultural domain. As demonstrated in some Indigenous
studies, the developed cultural economy is of crucial importance to many Indigenous
urbanites: Although Indigenous communities’ sustainability was initially based on “an
appreciation of intimate relationships between humans and the local environment [...],
in the urban setting, these relationships have been mediated by infrastructural develop-
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ment” [80], particularly cultural infrastructure. The cultural sphere is of crucial importance
as Indigenous urbanites often play the “social roles of professionals in organizing ethnic
processes in the urban space” [85]. The indicator “Employment in the cultural sphere
(as a percentage of total employed)” (Appendix A, Table A1) demonstrates high rates of
government-funded employment in the cultural sphere for Naryan-Mar and Salekhard
(4.6% and 4.7% respectively of total employed vs. 1.3% in Novy Urengoy). Although
additional research is needed, it is possible that these employment opportunities also serve
to strengthen the social and cultural capital of local Indigenous Peoples and may contribute
to Arctic social substantiality.

3.5. Sports Infrastructure

All three Arctic cities have a high number of sporting facilities (Figure 7 presents
Indicator 17.1 (Appendix A, Table A1)). Generously (co-)sponsored by the oil and gas
corporations, they are an example of successful promoting and popularizing of sport
among youth.

 

Figure 7. Number of sporting facilities per 100,000 people. Sources: Municipal Statistics, Federal
State Statistics Service of the Russian Federation (Rosstat), 2019 (latest available data).

Similar to the cultural sphere, which acknowledges Indigenous heritage, popular
sports in Salekhard and Naryan-Mar are complemented by sports sections facilitating the
development of Indigenous traditional sports and supporting professional competitions.
In the case of sports, a higher value of the sports variable indicates an improvement in the
quality of life of Arctic youth.

3.6. Arctic Youth’s Leisure Time

Youth involvement in cultural, sporting, and other social activities and the degree
of social integration and levels of social contributions to their Arctic communities among
youth can be measured through the component of leisure time and its structure (based
on [86]).

Similar to the general population of Russian youth [87], the structure of Arctic youth’s
leisure time is not very diverse. It varies depending on gender, specific age group, status
(high school students or vocational students), ethnicity (Indigenous/non-Indigenous), and
time of year. Leisure time structure also varies based on the availability and affordability
of cultural, sporting, and entertainment facilities in hometowns.

In wintertime, both cohorts of the young generation—high school and vocational
students—mostly prefer to stay at home but also spend some of their leisure time outside,
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in the fresh air (see Figures 8 and 9). While spending time indoors (at home or in youth-
oriented centers), female students at school age, in particular, are increasing their cultural
capital. They are inclined to do something creative (e.g., writing, painting, playing music,
drawing, cooking, vocal singing, caring for botanic flowers, photo sessions, stucco figures
modeling, etc.) and read books.

 

Figure 8. High school students from NAO and YaNAO, open question: “What activities are you engaged in during your
leisure time? Where do you spend your leisure time?” (% of all collected responses in each group). * Students at the boarding
school, predominantly Indigenous students. ** Includes activities such as writing, painting, playing music, drawing,
cooking, vocal singing, caring for botanic flowers, photography sessions, modeling stucco figures, etc., and time spent in
youth centers for creativity.

Based on survey results, indoor and outdoor sports activities play a vital role in
the respondents’ lives, and youth appreciate existing facilities in all three focal cities.
With the exception of YaNAO male school students, sports are more prevalent among
females. Both female and male respondents have a comprehensive range of sporting
activities. Females are engaged in skiing, ice skating, cycling, rhythmic gymnastics, dancing,
boxing, swimming, and volleyball, while male respondents prefer snowboarding, football,
swimming, martial arts, volleyball, basketball, boxing, skiing, and biking. Almost one third
of high school and vocational male students in NAO (28.5% and 33.3% respectively) and
vocational male students in YaNAO are engaged in hunting and fishing, and Indigenous
male students also practice reindeer herding.

In contrast to vibrant sports facilities, cultural infrastructure and public entertainment
facilities are not satisfactory for local youth. Based on their responses, the share of school
students going to cafes (in YaNAO, 15.5% of females and 3.8% of males; in NAO, 4% of
females), movies (in YaNAO, 17% of females; in NAO, 4% of females), concerts, exhibits,
and other cultural events (in YaNAO, 10.3% of females; in NAO, 8% of females and 9.1% of
males) is relatively low, while vocational students and Indigenous school students did not
mention engagement in any cultural and social activities.
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Figure 9. Vocational students from YaNAO and NAO, open question: “What activities are you engaged in during your
leisure time? Where do you spend your leisure time?” (% of all collected responses in each group). * Includes activities
such as writing, painting, playing music, drawing, cooking, vocal singing, caring for botanic flowers, photography sessions,
modeling stucco figures, etc., and time spent in youth centers for creativity.

Two of the most common comments among youth are that “there are very few places
to go” (female student, NAO) and “these places are not cheap” (female student, YaNAO).

Local recreational activities such as tourism are still minimal in these Arctic regions
due to transport isolation and undeveloped tourism clusters. Based on students’ responses,
when it comes to traveling, they go to the “South” of Russia for a vacation to stay with
their relatives, youth camps, the warm sea, or abroad, or they visit their relatives in the
Northern villages in the Arctic tundra. Those staying in their hometowns mentioned active
outdoor recreational activities with friends and spending time in the suburbs.

“In summer, I travel with my parents to the sea; in winter, because of the severe
cold, I stay at home and read” (female student, YaNAO); “I usually spend summer
in the village and do nothing interesting, because there is nothing to do there”
(female student, boarding school, NAO); “I stay at home in winter, and go out
in summer” (male vocational student, YaNAO).

As the surveys show, youth spend plenty of time socializing with immediate relatives
and friends. Following a general trend for Russia [87] (p. 113), the respondents did not
indicate that they allocate time and effort to public activities or community service: Out
of all collected questionnaires, only two respondents mentioned their social contribution
through involvement in volunteering activities. The harsh Arctic climatic conditions could
be one of the reasons for such a low level of participation as they may naturally limit the
youth’s engagement in these types of work. Long Polar winters and extreme cold also
push young urbanites to stay at home, while in the summertime, Northerners tend to leave
their cities.
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4. Discussion

The study results show that youth migration decisions are complex and multifaceted.
The present analysis is based on the dualist pull and push factors of migration. Although
decisions to stay or leave are influenced by a broad range of social, professional, and
economic factors and often shaped within a family context, our study identified that
like in many other remote regions of the Circumpolar North, the lack of good-quality
(higher) education opportunities is a key push factor and a driver of local youth out-
migration [29–36,88].

In the sphere of education, the survey respondents from high schools (predominantly
female students) in all three cities pointed out an acute problem common to most Arctic
communities—the shortage or limited range of available educational services [88]. In
particular, they identified the lack of higher education institutions in their regions as
a substantive personal problem. Without higher education and relevant professional
experience, local young people have few chances to build their careers in the extraction
industries and other businesses or legislative and executive branches of government that
would allow them to raise their social status, improve their material well-being, and fulfill
their dreams.

The students’ professional considerations are complex. Based on the school students’
choices of specific professions, it is possible to presume their future educational and mi-
gration strategies. With a slight exception of Indigenous male students, all focal groups
in Naryan-Mar, Salekhard, and Novy Urengoy expressed a strong interest in professions
requiring higher education. Moreover, many of those preferred professions (e.g., orien-
talist, diplomat, movie producer, forensic expert, ecologist, architect, chemist, linguist,
scientist-physicist/astrophysicist, etc.) are unavailable or have limited availability in these
remote and economically less dynamic and developed Arctic regions. Indigenous male
students were generally focused on occupations that do not require much modern (Western)
professional training. Although more research is needed, it is possible to assume that they
probably would be more interested in “Indigenized” education programs that have been
established in other Arctic states with an emphasis on traditional knowledge and prac-
tices [88], should these programs become available in Russia. The surveys also indicate that
local young people, especially vocational students, feel tremendous pressure to succeed in
the Arctic labor market. Competition in the local labor markets can be defined as another
strong push factor. Local youth without higher education face direct competition with low-
and semi-skilled newcomers while not being able to apply for high-skill jobs that require
higher education. This situation is also common for most remote Arctic regions where
companies are reluctant to hire locals [55–59]. Among other push factors, the respondents
of youth surveys and education/employment professionals pointed out corruption (mainly
in the form of nepotism and cronyism) in the public sector of employment and broader
labor market, with the dominance of the closed culture of corporatocracy.

Although locals do not have access to many high-wage jobs in their regions and are de
facto limited with a minimal list of available occupations, the Northern labor market, with
its social benefits system, seems attractive for many local young people. Established by
law, so-called “Northern allowances” compensating workers for the higher cost of living
and offering long paid vacation with travel compensations, early retirement, and a shorter
working week (particularly for women) [75–78] are perceived as the key pull factor to retain
youth. Also, the dominant non-diversified and single-industry economy, which is usually
defined as a push factor, can be viewed as a pull factor. For instance, female students
believe in other advantages of working in the North, besides benefits and social protection
measures. They see many vacant niches (e.g., service industries and small businesses) and
envision opportunities to develop small businesses to diversify the Arctic economy.

In the sphere of social integration, urban Arctic youth demonstrate low engagement in
community services and the voluntary sector. Despite such “social atomization” (revealed
in fragmentation of social networks and internally divided communities) of the young
in the public domain, they are not experiencing an “individual atomization”. Just the

55



Sustainability 2021, 13, 12058

opposite, based on questionnaires, young people are attempting a high level of individual
integration by maintaining strong social networks within their smaller inner circles of
close friends and relatives or people who share their interests. The consequences for
communities include a decreasing level of mutual trust outside residents’ inner circle
of friends and relatives, as well as a reduced level of public participation and sense of
commitment toward improving their places [89], solidarity, and joint efforts to invest in the
“common good” to fill a social vacuum between different “inner circles”. As the value of
community as a whole and intergenerational equity and trust are decreasing, nepotism is
growing, along with the sharp divides between different groups of settlers (old-timers and
newcomers, and FIFO workers) and between settlers and Indigenous communities. The
underlying causes of Arctic youth’s “social atomization” are in many ways rooted in their
future (forced) life choices to relocate, thus contributing to a reduced feeling of attachment
to their communities [90]. A critical imperative that affects Arctic youth’s attachment to
place is a well-rooted tradition of upward migration to the North inherent in many settler
families and limited to one to three generations [50]. Young people are often encouraged
by their parents to leave their hometowns for a “better life in the mainland”: “We’ve been
through a lot here, built our careers and everything, let our children to have a better life
in good climate and better career opportunities” (Public official, Salekhard); “We came
here [Naryan-Mar – author’s] for career opportunities, [big—author’s] “Northern money”
and privileges [with intention – author’s] to work for 10–15 years and then to go back
to mainland. Actually, this is a good place to raise kids. The city is safe and compact
with many opportunities for sports and creativity classes. But we are not planning to stay
here after our public service is done” (Public official, Naryan-Mar); “Of course, I want my
daughter to go to the University and to find a job somewhere else. What has she seen here?
Look, there are even no real trees here, just permafrost all around and cold” (Public official,
Novy Urengoy). This also often prevents young people from establishing stronger ties with
their hometowns and reduces their willingness to contribute to their communities.

The study findings point to existing datasets that may be implicated in an intersectional
approach to provide a more nuanced understanding of what determines individual young
people’s life strategies and defines their decisions to stay or leave. Among social categories
that can be used for the intersectional analysis of youth migration, the study identified
gender, age, Indigeneity, and socioeconomic status.

Gender is an important factor informing young people’s career and life strategies.
For instance, in the sphere of career preferences, the study revealed gender differences
that reflect the structural peculiarities of the Arctic economies across the Circumpolar
North [2,69,70,91–93]. Despite a general persistent trend over recent decades of the femi-
nization of human capital (the gap between women with higher attainment in educational
credentials and less educated men is increasing) in most Arctic regions [70,88,94], survey
findings also show that in NAO and YaNAO, female students may find themselves in
a path dependency situation. For instance, females often consider education, medicine,
and the government sector among their top spheres. The surveys also identified that
gender-related imposed choices of occupations are more prevalent among females. Male
students’ choices were also limited to male-dominated economic sectors, as they view
the oil and gas industries, IT, transportation and construction, and reindeer husbandry
(among Indigenous students) as the most attractive professions. On the one hand, young
people find themselves in a situation of the Arctic’s prevalent gender-based occupational
clustering [69,70,91–93]. On the other hand, their professional choices make this system
even more entrenched.

Age can be a determining factor for out-migration. In this research, the number of
those willing to stay in the region grew with increasing age of the respondents: representa-
tives of the youngest age group of high school students (14 to 17 y.o.) are mostly inclined
to relocate, while vocational college students’ (17–21 y.o.) life strategies vary.

Indigeneity identifies different approaches in life strategizing among Indigenous and
non-Indigenous youth. In the Arctic countries, the ability of Indigenous people to access
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institutions of higher learning, while improving, is still problematic [88] (pp. 381–383;
387–389) [95–97]. In the education market, Indigenous young people face a lack of af-
fordable, diverse educational opportunities, outside the scope of “traditional” professions
available to them in local vocational schools and colleges. Limited in their career choices,
female respondents focus on career building in a more traditional female domain (i.e.,
primary education, medicine, culinary arts, culture). Their choices of occupations in the
cultural sphere may also be related to the legacy of the Soviet times, with government
support of the Indigenous cultural economy and traditional activities in the Arctic, which
provides some employment opportunities in specially created niches and, to some degree,
reduces the competition for Indigenous youth [79]. At the same time, male students are
often trapped in the male domain or follow their Indigenous path by choosing professions
such as auto mechanics, drivers, reindeer breeders, etc.

The socioeconomic status category is related to the socioeconomic disparity in the
focal regions and exposes the gap between students from relatively wealthy families with
enough funds to send out their children to the universities and those families that lack
financial means and whose children (have to or choose to) stay in their Arctic communities
with few chances for career development, economic independence, and empowerment [73].
In the case of the Indigenous youth, although their stay improves the social sustainability
indicator related to the component of migration and residential stability (vs. turnover)
and makes them true stewards of Arctic lands, this existing gap in life opportunities and
strategies of Indigenous vs. non-Indigenous students reveals a significant inequality in
Arctic communities.

Based on these research findings, the Arctic communities face tremendous risks asso-
ciated with youth “flight”, making their future social sustainability uncertain. To retain
young people or to attract them (back) to the Arctic [94,98], heavy investments in human
capital and structural changes in the economy are inevitable. The necessity of Arctic
university and research centers as a point of local youth attraction and development of a
knowledge-based economy [99] in the Arctic has been recognized and implemented by
many governments in the Circumpolar region (Canada, Iceland, Greenland and Faroe
Islands, Finland, Norway, USA, and in some Arctic regions of Russia). In our two study
regions, it is still in the distant future: While the NAO government included the establish-
ment of a university branch in the NAO Strategy 2030 [5], in the YaNAO Strategy 2035 [6],
a university is not even mentioned, leaving fewer chances for well-being and prosperity
for local young people.

5. Conclusions

Using the example of the three Northern indicative cities of Naryan-Mar, Salekhard,
and Novy Urengoy, the study examined key components of social sustainability primarily
based on ISO 37120, complementing statistical information and analytical data with survey
results. The study identified preponderant factors that to a large extent determine the
local youth’s life strategizing and define their decisions to stay or leave, which ultimately
may affect social (socioeconomic) sustainability in these regions. Among the key factors
are: (1) limited educational opportunities and lack of higher education institutions; (2) a
limited range of high-quality jobs available for local youth in a highly competitive labor
market for high-, semi-, and low-skilled workers; (3) limited opportunities for cultural and
leisure activities; and (4) a low level of youth engagement in community services and the
voluntary sector, revealing young people’s low attachment to place [89,98,100].

From a broader perspective, the life strategies of the young generation of Northerners
in Russia and their individual choices to stay in their Arctic communities or leave are a part
of significant migration trends and patterns in the Circumpolar North [29–36]. In many
Arctic countries, the prevalence of a psychological mood for out-migration among the local
young people [29,101] puts them in a position where they are “stuck between their dreams
and what they feel is realizable” [29] (p. 46) or move away seeking a way out.
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The three Russian Arctic cities of Naryan-Mar, Salekhard, and Novy Urengoy show-
case how insufficient investment in human and social capital, particularly relevant to the
cohort of young people (e.g., through good educational and community facilities and
wider employment opportunities for local youth), creates communities where local youth
feel disempowered and pessimistic about their futures in the Arctic. The youth survey’s
findings on education, employment opportunities, and leisure time structure demonstrate
that a majority of high school and vocational students view educational out-migration as a
necessary condition for them to fulfill their dreams and realize their ambitions.

By analyzing survey results in the broader socioeconomic contexts of NAO and
YaNAO, this article argues that Arctic regional economic prosperity, even in times of high
and long-lasting demand for natural resources on the global market, does not necessarily
benefit the locals, particularly the youth, nor lead to the social sustainability of Arctic
communities. The combination of factors such as industrialization boom and economic
‘bonanza’ can serve to depict one of many Arctic paradoxes: Growing industries create
new jobs and career opportunities that mostly fit and benefit not locals but rather newcom-
ers and FIFO workers and, in turn, trigger young residents’ out-migration and increase
vulnerabilities in local communities. One can observe here a dilemma that is common for
many remote Arctic areas where young individuals’ self-interests often conflict with the
overall common good for society and communities’ social sustainability: “while a commu-
nity may suffer from out-migration, individuals relocating elsewhere may experience an
improvement in their quality of life” [102] (p. 62).

To improve the situation of the out-migration of young people, it is necessary to
move Arctic youth from the periphery to the center of public policy discourse and decision
making. This may include political actions to be taken in terms of prioritizing the provision
of high-quality professional training programs and higher educational opportunities, pro-
viding greater investments in diverse social and cultural infrastructure, and implementing
prioritization of youth-oriented affirmative action policies (e.g., quotas) for employing
local youth in the labor market. Last but not least, the engagement of young people in
defining problems and drawing up policies is vital to allow younger generations to have
control over their own futures in the Arctic and responsibility for the future and social
sustainability of their communities.

6. Limitations and Future Directions

The research was limited to three focal Arctic cities and did not include other Russian
Arctic regions with university centers experiencing a youth flight. The lack of comprehen-
sive statistical data on “city-to-city” and return migration limited the scope of analysis.
A lack of relevant socioeconomic data did not allow the author to connect social sus-
tainability indicators, governmental programs, laws and regulations, and industry and
non-governmental sector initiatives with youth development trends. A non-probability
sampling method was used for the youth survey due to limited access to students in edu-
cational institutions. The research conclusions may also be limited as not all dimensions of
diversity (e.g., gender, ethnicity, Indigeneity) were addressed in the youth survey, which
did not allow the study to utilize an intersectional approach. To ensure that the study
posed no risks for the student participants, the questionnaires did not include the central
topic of political engagement of the youth and structural barriers to empowerment. Future
research will close some of these gaps.
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Appendix A

Table A1. Urban sustainability indicators relevant to Arctic youth.

№ Indicator Naryan-Mar Salekhard Novy Urengoy

Demographics

13.4.3 Percentage of population who are youths (15–24 y.o.) 9.5 9.5 10.4

Economics

5.4 * Youth unemployment rate 4.7 3.7 3.7

5.5 * Number of businesses per 100,000 population 3590 2610 2410

** Employment in cultural sphere (as a percentage of
total employed) 4.6 4.7 1.3

Education

6.6 * Number of higher education degrees per 100,000
population 46,812 37,529 37,360

& Number of universities in the city 0 0 0

Cultural, Sporting, and EntertainmentInfrastructure

17.1 *** Number of cultural institutions and facilities per
100,000 population (modified indicator) 28 22 17.2

17.1 *** Number of sporting facilities per 100,000 population
(modified indicator) 217.5 191.8 259

& Number of restaurants, bars, cafes, and fast food
restaurants per 100,000 population 123.2 94.2 91.5

& Number of seats available at restaurants, bars, cafes,
and fast food restaurants per 100,000 population 6528 4161 5756

& Number of public caterings per 100,000 population 31.8 15.7 49.13

& Number of seats available at public caterings per
100,000 population 4898 2356 3829

Contribution to Civil Society

& Number of youths participating in volunteer
activities per 100,000 population n/a n/a n/a

Political Empowerment

& Number of young adult deputies (18–35 y.o.) elected
in the City Council per 100,000 population 0 1.96 0

* PIRE’s indicator; ** Based on methodology by Vera Kuklina and Natalia Shishigina [80]; *** Modified indicator. In the framework of the
ISO 37120 methodology, cultural institutions and sporting facilities are not separated. & The author’s indicator.
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Abstract: This paper provides basic materials for considering the sustainability of natural resource
development in the Arctic, taking the Sakha Republic as a case study of the Russian Arctic regions.
The author clarifies the contribution of the mining industry to the economic development of Sakha
with special attention paid to the contribution to government budgets by numerical and statistical
analysis of regional and municipal data. The paper demonstrates that the mining industry has been
a driving force of the economic growth of Sakha and that the oil sector has sharply increased its
presence while the diamond sector has decreased its presence. Simultaneously, it reveals that the
mining industry is unevenly developed in Sakha, which has caused significant inequality in per capita
Gross Municipal Product (GMP). Then, the analysis of the paper shows that Sakha’s contribution to
the federal budget has increased significantly in recent years due to growing oil production and that
the diamond sector is still more influential than the oil sector in the contribution to the republican
and local budgets.

Keywords: Sakha; diamond; oil; government budget; economic growth; mining industry

1. Introduction

The purpose of this paper is to provide basic materials for considering the sustainabil-
ity of natural resource development in the Arctic, taking the Sakha Republic as a case study
of the Russian Arctic regions. This paper is a part of the Arctic Challenge for Sustainability
II (ArCS II in short), which is a national flagship project of Arctic research in Japan in the
period 2020–2025. In this project, I am responsible for one of the sub-programs, entitled
“Energy resource development and regional economy,” which aims to study the impact of
energy resource development on regional economies in the Russian Arctic, particularly in
the Sakha Republic and Yamalo-Nenets Autonomous Okrug.

I think that before deciding to launch or continue a natural resource development
project, we must evaluate the meaning or merits of this project. For this purpose, it is
indispensable to fully understand the present contribution of natural resource production
to the economic development in these regions. Fiona Hill and Clifford Gaddy argued in
their famous book, The Siberian Curse [1], that it might be a mistake to make a decision to
develop Siberia if we consider the full burdens or costs of developing these areas.

Sakha is famous for its diamond production. Until recently, Sakha had produced more
than 90% of diamonds in Russia (see Section 2.1), and Russia’s share in the world was
32.8% in 2019 [2] (p. 372). Recently, the production of crude oil has increased tremendously.
In this paper, I attempted to statistically clarify the contribution of the mining industry
to the economic development of Sakha with special attention paid to the contribution to
government budgets. There is a big difference in taxation between the oil and diamond
sectors. Taxes on oil play an important role in the federal budget, while those on diamond
do so in the regional budget. I illustrate this difference in this article. Note that in this
article, a subject of the federation (republic, krai, oblast, etc.) is called a region.

To the best of my knowledge, there are few literatures in English and in Russian
that deal with these issues in Russia in general, and in Sakha in particular [3–5]. One of
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the reasons is the lack of relevant statistical data on the regional level. Gross Regional
Production (GRP) data and industrial production data in a region are poor in Russia,
while there is a certain improvement on the federal level. Concerning budget execution
(performance) data and tax payment data, however, relatively detailed data are available.
This paper is a preliminary attempt to take advantage of these data.

In the next section, the contribution to economic growth is analyzed. Section 3 deals
with the contribution to government budgets. Website information of data used in this
paper is provided in Appendix A.

2. Contribution of the Mining Industry to Economic and Industrial Growth in Sakha

2.1. Contribution to Republican Economy

First, I analyzed the contribution to the GRP growth of Sakha by industry. The largest
contribution by the mining industry is evident from Figure 1. In this figure, the blue line
shows the GRP growth rate of Sakha, which was higher than Russia’s GDP growth rate
in recent years. In the period 2014–2019, while the average growth rate of Russia’s GDP
was only 0.9%, that of Sakha’s GRP was 2.9% (calculated from Rosstat’s website). The
stacked bars in Figure 1 show the contribution of each industry. The large contribution of
the mining industry is followed by the construction and transportation sectors. (Note that
there was a change in the classification of economic activities from OKVED to OKVED2
in Russia’s GDP and GRP statistics in 2016. Consequently, data until 2015 and those from
2016 are not compatible in Figure 1. For example, the transportation sector was included
in the sector called “Transport and communications” until 2015, while it was included in
“Transportation and storage” since 2016. In the legend of Figure 1, names of the sector
(economic activities) are those of the old classification.) These two sectors are closely
related to the mining industry due to the construction of oil and gas pipelines and the
transportation of oil and gas through pipelines. In fact, the mining industry accounted for
50.6% of Sakha’s GRP in 2019. The share of the construction sector (9.6%) and transportation
and storage sector (6.2%) was also significant.
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Figure 1. Contribution to Sakha’s GRP growth by industry, in percentages, 2005–2019. Sources: Compiled by the author
from Sakhastat’s website.
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Concerning the breakdown of the mining industry in the GRP statistics of Sakha,
available data are limited: I only have data shown in Table 1. (Note that in Table 1,
Figures 2 and 3, I regard the production of other mining as diamond production since
there seem to be no major minerals other than diamond in the mining industry of Sakha,
excluding fuel-energy and metals. In fact, Pulyaevskaya writes that the share of the
diamond sector in 2010 was 20.5% [4] (p. 164), which is almost the same as the percentage
shown in Table 1 (20.4%). In Table 1, the sum of coal, oil and gas, metal, and diamond
is equal to the mining industry, except for a small discrepancy (42 million rubles) in
2010. In Sakha, major products of the metal sector are gold, silver, and antimony [6].)
According to this table, the share of the mining industry increased together with the
oil and gas sector, while the share of the diamond sector decreased to a certain degree.
This tendency is confirmed by the analysis of industrial statistics. Figure 2 shows the
contribution by subsectors of the mining industry to the growth of industrial production.
The blue line shows the growth of mining production, the average growth rate of which
was 9.7% in the period 2010–2019, and the stacked bars show the contribution by each
subsector (I calculated these contributions with the volume of goods shipped as weight).
We see the largest contribution by the oil sector. The contribution of the diamond and
coal sectors was not significant in the past decade. As shown in Figure 3, the share of the
diamond sector in the mining industry was larger than 50% until 2009, but since then, it has
decreased considerably. (Note that Figure 3 shows the volume of goods shipped (Ob”em
otgruzhennykh tovarov), not the volume of goods produced. As is the case with GRP, there
was a change in the classification of economic activities in industrial statistics. Data after
2017 in Figure 3 were derived from the new classification format (OKVED2). The service
in this figure is a new sector in the new classification. It seems that such activities were
included in some of the other sectors until 2016.) On the other hand, the share of the oil
and gas sector has grown rapidly since 2010.

Table 1. Structure of the mining industry in Sakha’s GRP, 2006, 2010, 2015.

2006 2010 2015

In million rubles

Total GRP 206,845 386,825 749,987

Mining industry 80,571 154,548 361,253

including

Coal 9228 18,289 17,890

Oil and gas 2988 43,424 127,718

Metal 6138 14,045 33,933

Diamond 62,217 78,748 181,712

In percentages

Total GRP 100.0 100.0 100.0

Mining industry 39.0 40.0 48.2

including

Coal 4.5 4.7 2.4

Oil and gas 1.4 11.2 17.0

Metal 3.0 3.6 4.5

Diamond 30.1 20.4 24.2
Sources: Compiled by the author from [3] (pp. 82–83).
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Figure 3. Structure of the mining industry of Sakha, in percentages, 2005–2019. Note: Structure of
the volume of goods shipped. Sources: Compiled by the author from Sakhastat’s website.

In fact, crude oil production in Sakha increased quite rapidly thanks to the develop-
ment of the Talakan oil field (Figure 4). In 2019, Sakha accounted for 2.6% of oil production
in Russia (calculated from [7] (p. 726) and Sakhastat’s website). It should be noted that
more than 90% of crude oil produced in Sakha is exported through the East Siberia—Pacific
Ocean (ESPO) pipeline [8] (p. 134). In fact, the percentage of export to production was
94.7% in 2010 and 95.6% in 2013, if we calculate it using export data reported on the
same page. It is obvious that the oil sector has become a driving force for the economic
development of Sakha.
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Figure 4. Crude oil production in Sakha, in million tons, 2006–2020. Sources: Compiled by the author
from the website and other sources of Sakhastat.

The production of natural gas remained in the range of 1.9–2.0 billion m3 during the
years 2009–2018. It jumped to 2.9 billion m3 in 2019 and 6.8 billion m3 in 2020 thanks to the
production in the Chayanda gas field, which is one of the main sources of the “Power of
Siberia” pipeline going to China (these production data were obtained from the website
and other sources of Sakhastat). The share of Sakha in the natural gas production of Russia
was 1.0% in 2020, and it is expected to grow rapidly in the near future [9] (calculated from
the websites of the Ministry of Energy and Sakhastat).

On the contrary, diamond production is forecasted to decrease in Sakha as well as in
the world [10]. In fact, its production in Sakha peaked in 2017 (36.9 million carats) and
decreased to 34.3 million carats in 2019 (calculated by the author from the production
data of five mining and processing divisions of Alrosa (diamond-producing monopoly, see
below) published in its Annual Reports). The share of Sakha in the diamond production
of Russia dropped from 97% in 2010 and 87% in 2015 to 76% in 2019 (Data of diamond
production in Russia are available from the website of Russia’s Ministry of Finance). There
was an attempt to create a Territory of advanced development (TOR in Russian), called
“Diamond valley” in Sakha, but it was not realized [6,11]. The rest was produced in
Arkhangelsk.

The impact of diamond and crude oil production on Sakha’s economy is difficult to
compare. I can roughly estimate the export value of diamond and crude oil in 2018 as
USD 3.9 billion and USD 5.8 billion, respectively. Concerning diamond, Sakha’s export
value is obtained from the website of the Federal Customs Service. With respect to the
crude oil exports of Sakha, we cannot obtain these data from the same source since most of
the export data of crude oil are registered in Moscow, where the company headquarters
are located. Therefore, I estimated them from Russia’s export value of oil and the share
of Sakha in the export quantity of Russia, assuming that 95% of Sakha’s production was
exported, as indicated above.

It seems to follow from this that the impact of the oil sector is larger. The problem,
however, is that most of the rents or value-added of the oil sector are not realized in Sakha
but transferred to Moscow, where the company headquarters are located. Most of the
rents of the oil sector are not realized in the mining industry but realized as trade and
transportation margins and taxes due to the low producers’ prices [12]. On the other hand,
in the case of diamond, the headquarters are located in Sakha. Therefore, it seems that
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most of the rents are realized in Sakha. In addition, as we see in Section 3, most of the taxes
paid by the diamond sector are used in the Republic, while most of them from the oil sector
are transferred to Moscow.

2.2. Contribution to Local Economy

In Sakha, we can use the indicator of Gross Municipal Product (GMP) that shows
value-added production in a municipality (as for municipalities in Sakha, see Appendix B).
GMP is calculated only in several regions of Russia [5] (p. 136). In this subsection, I examine
how the mining industry contributes to the economy of a municipality, taking advantage
of this indicator.

Although the mining industry is well developed in Sakha, its distribution is quite
uneven. Table 2 shows the share of major producing districts in the production of main
mineral resources in Sakha in 2019. For example, Lensk district accounted for 66.4% of
crude oil production in Sakha. The production of the other mineral resources is also
concentrated in a few districts. As a result, there are considerable differences in the share
of the mining industry in GMP (Figure 5). Note that this share in the GRP of Sakha was
51.1% in 2016. This share exceeds 70% in five districts, including Nyurba, Anabar, Mirny,
Oymyakon, and Lensk. On the other hand, in the majority of other municipalities, this
share is less than 30%.

Table 2. Major districts of mining production in Sakha; share in percentages, 2019.

Crude Oil Lensk 66.4 Mirny 33.6

Natural Gas Vilyuysk 63.0 Lensk 30.2 Mirny 6.8

Coal Neryungri 95.5

Diamond Mirny 54.8 Nyurba 30.0 Anabar 15.2

Gold (2015) Oymyakon 47.1 Aldan 35.1 Olyokminsk 6.6
Note: The share of Anabar in Diamond includes the Bulun and Olenek districts (see below). Sources: Compiled
by the author from the website and other sources of Sakhastat and [13] (2020).

Figure 5. Share of the mining industry in GMP in Sakha, 2016. Note: Refer to Appendix B for the
names of municipalities. Sources: Compiled by the author from data obtained from Sakhastat.

There are also big differences in per capita GMP (Figure 6). Note that the average
per capita GMP in Sakha was 904 thousand rubles in 2016 (Calculated by dividing total
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GMP by total population of Sakha. The arithmetic mean of per capita GMP is 754 thousand
rubles and its median is 423 thousand rubles). In only six districts, per capita GMP exceeds
one million rubles. This implies that in the other 30 municipalities, per capita GMP is less
than the average of Sakha. Inequality seems to be large. The Gini coefficient is 0.50.

 

Figure 6. Per capita GMP of Sakha, 2016. Sources: Calculated by the author from the website and
other sources of Sakhastat.

The six districts with high per capita GMP include Lensk (4.1 million rubles), Anabar
(3.2 billion rubles), Mirny (3.0 million rubles), Nyurba (2.0 million rubles), Oymyakon
(1.9 million rubles), and Aldan (1.0 million rubles). In the top five districts in terms of
per capita GMP, the share of the mining industry exceeds 70% (Figure 5). In the Aldan
district, the share of the mining industry is 44.0 percent. The correlation between the share
of the mining industry and per capita GMP is 0.86, which demonstrates the significant
contribution of the mining industry to the economy of municipalities.

I conducted a multiple linear regression analysis to compare the impact of oil, diamond,
and gold production on per capita GMP in 2016. The result is as follows (R2 of 0.75).

Per capita GMP = 461.4 + 40.8 (share of oil) + 38.9 (share of diamond) + 25.8 (share of gold)

All independent variables are statistically significant (p < 0.01). This seems to suggest
that the impact of oil production on the economy of a municipality is slightly stronger
than that of diamond production. (Note that data of diamond production in carats were
obtained from the production data of five mining and processing divisions of Alrosa [13]
(2020). One of them is Almazy Anabara, a subsidiary of Alrosa, which produces diamond
not only in the Anabar district but also in the Bulun and Olenek districts. I estimated the
share of these three districts using data in USD. The data of gold are those in 2015, since
data in more recent years are not available.)

3. Contribution of the Mining Industry to Government Budgets in Sakha

3.1. Contribution to the Federal and Republican Budgets

In this section, I examine the contribution of the mining industry to government
budgets in Sakha, including the federal, regional, and local budgets. In Russia, tax revenues
are divided into federal and regional budget revenues, of which the regional budget
includes the budget of a region and its municipalities, i.e., local budgets. Some taxes are
exclusively revenues of the federal budget, including value-added tax (VAT), export and
import duties, and mineral extraction tax on oil and gas, while some other taxes are those
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of regional budgets, including personal income tax, asset tax, and mineral extraction tax
on diamond. There are some taxes in which revenues are divided between the federal
and regional budgets, including corporate tax and mineral extraction tax on coal. In the
case of the extraction tax on coal, 40% of its revenues are revenues of the federal budget,
and 60% are those of regional budgets. Until 2006, the extraction tax on diamond was
distributed the same as that on coal. By the amendment of the Budget Code (Federal
Law No. 237 of 19 December 2006), 100% of these revenues became revenues of the
federal budget since the beginning of 2007. According to Sakha News (21 November 2006,
https://www.1sn.ru/9169.html), this amendment was made to compensate the losses
sustained by the decrease in numbers of Alrosa stocks (diamond-producing monopoly)
owned by the Sakha Republic in 2006. However, I was not able to confirm the change in
stocks owned by the Republic in 2006 from the Annual Reports of Alrosa. The share of the
Russian Federation did increase from 37% to 50.9% in 2008 [13] (various years).

In Russia, revenues from oil and gas are the largest and most important in the federal
budget. In 2019, extraction tax and export duty on oil and gas accounted for 40.9% of
federal budget revenues (calculated from the Federal Treasury’s website). This percentage
does not include VAT, corporate tax, and other taxes that oil and gas companies pay to the
federal budget. Since diamond production concentrates in Sakha, the republican budget of
Sakha received 82.4% of extraction tax revenues on diamonds in Russia in 2020. In other
words, the existence of revenues of extraction tax on diamonds is one of the most distinct
characteristics of Sakha’s budget.

Table 3 demonstrates the difference in the contribution to government budgets be-
tween the oil and diamond sectors. (Note that in Table 3 and Figure 7, I regard tax revenues
from other mining as those from the diamond sector since there seem to be no major
minerals other than diamond in the mining industry of Sakha, excluding the fuel-energy
and metal sectors.) In terms of total tax revenues, the contribution by the oil sector is 58.5%,
and that of the diamond sector is 15.6% in 2019. In terms of federal budget tax revenue,
the oil sector contributed almost all, owing to a large amount of extraction tax on oil. On
the other hand, in terms of republican budget revenues, the contribution of the diamond
sector (30.3%) is larger than that of the oil sector (18.2%). Particularly, the share of the
diamond sector in corporate and asset tax revenues is significant. Since the production of
diamond in Sakha is monopolized by Alrosa, the share of the diamond sector in republican
budget revenues of Sakha means the contribution of Alrosa to these revenues [10]. In fact,
this company almost completely monopolizes diamond production in Russia. Its share
in diamond production in Russia was 90%, and its share in world diamond production
was 27.5% in 2020 [13] (2021, pp. 12, 28). Alrosa also has its affiliate (diamond mining
enterprise) in Arkhangelsk Oblast.

Table 3. Structure of tax revenues by industry in Sakha, in percentages, 2019.

Total Tax
Revenue

Federal
Budget Tax

Revenue

Republican
Budget Tax

Revenue

Extraction
Tax

Corporate
Tax

Personal
Income Tax

Asset Tax

All industries 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Mining
industry 74.3 93.4 59.3 99.8 79.7 27.1 40.9

including

Oil and gas 58.5 105.3 18.2 83.7 40.1 5.4 14.7

Diamond 15.6 −0.3 30.3 12.6 29.5 12.2 22.7

Other 25.7 6.6 40.7 0.2 20.3 72.9 59.1

Note: In terms of federal budget tax revenue, the contribution of the oil and gas sector exceeds 100% because, in the other sectors of the
mining industry, revenues of VAT are large negative values, which means tax refunds. Sources: Calculated by the author from the website
of the Federal Tax Service.
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Figure 7. Tax revenues in Sakha by industry, in billion rubles, 2006–2020. Sources: Compiled by the
author from the website of the Federal Tax Service.

Since oil production has increased rapidly in recent years in Sakha, tax revenues from
the oil sector have grown as well. Figure 7 demonstrates which industry pays taxes. In
2019, for example, 74% of taxes were paid by the mining industry, including the coal, oil,
gas, metal, and diamond sectors. The rapid growth of tax revenues from the oil sector is
apparent from this figure.

This growth of tax revenues from the oil sector resulted in significant increases in
federal tax revenues since extraction tax revenues on oil are federal budget revenues. In
fact, as shown in Figure 8, federal budget tax revenues have increased tremendously in
recent years. They were only 5 billion rubles in 2013 but increased to 122 billion rubles in
2019. You may ask why oil tax revenues were so small until 2013 and increased abruptly in
2014 (Figure 7), although oil production increased rather smoothly in the period 2009–2016
(Figure 4). The reason was exemptions from oil extraction taxes for new oil fields in the
Sakha Republic, as well as Irkutsk Oblast and Krasnoyarsk Krai, to promote new oil field
development in these regions [14] (p. 167).)
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Figure 8. Tax revenues in Sakha, in billion rubles, 2006–2020. Sources: Compiled by the author from
the website of the Federal Tax Service.
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I have devised such indicators as the gross and net contribution of a region to the
federal budget [15]. The gross contribution of a region is defined as federal budget tax
revenues of the region, while net contribution is defined as gross contribution minus
transfer. The transfer includes dotation, subsidy, subvention, and other inter-budgetary
transfers that a region receives from the federal budget.

The result of the calculation is shown in Figure 9. The gross contribution of Sakha was
modest until 2013, but since then, it has rapidly grown thanks to the increase in extraction
taxes on oil. On the other hand, Sakha received a relatively large amount of transfer due to
the high cost of public services caused by severe climate conditions. Consequently, the net
contribution was negative until 2016. However, it turned positive in the following year. We
confirm the great contribution of the oil sector to this change in net contribution.
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Figure 9. Contribution of Sakha to the federal budget, in billion rubles, 2006–2020. Sources: Compiled
by the author from the websites of the Federal Tax Service and Federal Treasury.

It should be noted that this gross contribution includes only tax revenues collected by
the Federal Tax Service of Russia. There are other federal budget tax revenues collected
by the Federal Customs Service of Russia, including export and import duties, as well
as indirect taxes (VAT and excise) on imported goods. They are exclusively revenues of
the federal budget. However, the problem here is that there are no statistics that show
which regions pay these duties and taxes. I attempted to make a preliminary estimate
of these revenues in 2015 [15] (pp. 15–21). According to this estimate, Sakha’s gross
contribution increased from 49 billion rubles to 91 billion rubles (increase by 88%), and
its net contribution increased from minus 17 billion rubles to 25 billion rubles. Thus, the
contribution of the oil sector becomes more significant when we take into account export
duties on oil. Note that there are deficiencies in this estimate. Basically, in my estimates,
export duties on oil were distributed among regions in proportion to the share of each
region in the production of crude oil in Russia. By adopting this method, I disregarded
the special measures (exemption or reduction in export duties) in some areas taken by the
Federal Government to promote the development of new oil fields [14] (pp. 166–168). Note
also that export duties on diamond were abolished on September 1, 2016, since Russia
promised to abolish them within four years of joining the WTO in 2012.

If we calculate gross and net contribution rates by dividing gross and net contributions
by total tax revenues of a region, Sakha ranks 38th and 49th among 85 of Russia’s regions
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in 2015 [15] (p. 17). The lower ranking of the net contribution rate of Sakha compared with
the gross net contribution rate was a result of receiving a relatively large transfer from the
federal budget.

3.2. Contribution to Local Budgets

The contribution of the mining industry to local budgets has two channels. One is
through transfer that the republican budget provides to local budgets. The other is the
dividends that Alrosa pays to eight districts.

In Sakha, as well as other regions of Russia, transfer plays an important role in the
redistribution of revenues in a region [16]. As shown in Figure 10, 82.8% of local budget
revenues are transfers from the republican budget in 2019. As indicated above (Table 3),
59.3% of republican budget tax revenues are paid by the mining industry, including 30.3%
from the diamond sector. They are the main sources of transfer that local budgets receive
from the republican budget.
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Figure 10. Structure of local budget revenues of Sakha, in percentages, 2019. Note: The arithmetic
mean of percentages of districts is shown. Eight districts are those that receive dividends from Alrosa.
Sources: Compiled by the author from Rosstat’s website.

Eight districts receive dividends from Alrosa since they own stocks of this company.
Alrosa is a joint-stock company; 33% of its stocks are owned by the Russian Federation,
25% by the Sakha Republic, and 8% by eight districts of Sakha, where Alrosa’s production
and other facilities are located. They are Anabar, Verkhnevilyuisk, Vilyuisk, Lensk, Mirny,
Nyurba, Olenek, and Suntar. They have 1% of stocks each. Other stocks (34%) are owned
by private entities. These shareowners received dividends from Alrosa every year. This
equity information is obtained from Alrosa’s website. Alrosa was transformed from a
zakrytoe (closed) to an otkrytoe (public) joint-stock company in 2011. In the period from
2011 to 2016, the share of the Russian Federation and the Sakha Republic decreased from
50.9% to 33% and from 32% to 25%, respectively, and the private share increased from 9%
to 34% [13] (various years).

As indicated in Figure 10, the share of public asset income in these eight districts was
21.2%, and that of transfer was 61.9% in 2019. On the other hand, in the other districts, the
share of transfer was almost 90%.
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These dividends caused significant differences in the revenues of local budgets.
Figure 11a shows the per capita revenue of local budgets, excluding transfers in 2019.
Five districts in which revenues exceed 40 thousand rubles and three of four districts in
which revenues are between 30 and 40 thousand rubles receive dividends from Alrosa.

 
(a) Revenue excluding transfer. 

 
(b) Revenue including transfer. 

Figure 11. Per capita revenue of local budgets of Sakha, 2019. (a) Revenue excluding transfer; (b) Revenue including transfer.
Sources: Calculated by the author from websites of Rosstat and Sakha’s Ministry of Finance.
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The other mining productions do not seem to contribute as strongly to local budgets
as the diamond sector. The correlation coefficient between the share of mining production
in GMP (Figure 5) and per capita local budget revenues of a district excluding transfer
(Figure 11a) is 0.65. (Note that data in Figure 5 are those from 2016. We do not have data
after 2017.) It is safe to say that only diamond production has a direct and distinct influence
on local budgets.

Figure 11b shows the per capita revenue after the transfer, i.e., including transfer, while
Figure 11a is revenue before the transfer, i.e., excluding transfer. The correlation between
these two figures is not so strong (the correlation coefficient is 0.56), which suggests that
transfer plays a certain role in equalizing the revenues of local budgets. The Gini coefficient
improves from 0.56 before transfer to 0.21 after transfer. Thus, the diamond sector played a
prominent role both in creating differences in local budget revenues and reducing these
differences through transfer.

4. Concluding Remarks

The findings of this article obtained by numerical and statistical analysis are summa-
rized as follows:

1. The mining industry has been a driving force of the economic growth of Sakha in
recent years. In the mining industry, the oil sector has sharply increased its presence,
while the diamond sector has decreased its presence in the economic and industrial
development of Sakha;

2. The mining industry is unevenly developed in Sakha, which has caused significant
inequality in per capita GMP. In other words, the mining industry has considerably
increased GMP in several districts;

3. Sakha’s contribution to the federal budget has increased significantly in recent years
due to growing oil production. The importance of the oil sector of Sakha for the
federal budget revenues has been enhanced considerably;

4. Concerning the contribution to the republican and local budgets, the diamond sector is
still more influential than the oil sector. While dividends of Alrosa caused considerable
differences in per capita revenues of local budgets, revenues from the diamond sector
account for 30% of republican budget revenues, from which transfer is provided to
local budgets to equalize differences in local budget revenues.

It seems that this paper demonstrated the considerable contribution of the oil and
diamond sectors to the economic development of Sakha and the appropriateness of con-
tinuing these productions in the future. This paper’s main focus, however, was limited
to the contribution of the mining industry to economic growth and government budget
performance. There are other areas to which the mining industry contributes. For example,
Alrosa’s contribution to local employment is often pointed out [17] (p. 4). The influence on
other welfare, including payments of salaries and other benefits, and the construction of
public infrastructure and housing, requires further examination.

On the other hand, the costs of the development of the mining industry remain to be
explored. They include costs to compensate for the negative influence extended by mining
companies on the natural environment and other economic activities, such as livestock
farming and fishery. (Ref. [18] is an excellent previous work on this topic. They also
addressed pollutions by underground nuclear explosions in the Soviet era for the purpose
of seismic exploration). They are also included in topics of our future joint research.

Funding: This work was a part of the Arctic Challenge for Sustainability II (ArCS II), Program Grant
Number JPMXD1420318865.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

76



Sustainability 2021, 13, 10142

Acknowledgments: My special thanks go to Tuyara Gavrilyeva for helping me gather data published
by Sakhastat and relevant papers written by Russian scholars. I also wish to thank Yugo Konno,
Michitaka Hattori, and Hirofumi Arai for giving me useful information.

Conflicts of Interest: The author declares no conflict of interest.

Appendix A. Website Information on Data Used in This Paper

Alrosa

- Equity information (Information for shareholders): http://www.alrosa.ru/%D0%B8
%D0%BD%D0%B2%D0%B5%D1%81%D1%82%D0%BE%D1%80%D0%B0%D0%BC-%D0
%B8-%D0%B0%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B5%D1%80%D0
%B0%D0%BC/ (accessed on 9 September 2021)

Federal Customs Service of Russia

- Export data of Sakha: http://stat.customs.gov.ru/unload (accessed on 9 September 2021)

Federal Tax Service of Russia

- Tax revenues: https://www.nalog.gov.ru/rn77/related_activities/statistics_and_
analytics/forms/ (accessed on 9 September 2021)

Federal Treasury of Russia

- Performance of consolidated regional budgets: https://roskazna.gov.ru/ispolnenie-
byudzhetov/konsolidirovannye-byudzhety-subektov/ (accessed on 9 September 2021)

- Performance of consolidated state budgets: https://roskazna.gov.ru/ispolnenie-
byudzhetov/konsolidirovannyj-byudzhet/ (accessed on 9 September 2021)

Ministry of Energy, Russian Federation

- Natural gas production in 2020: https://minenergo.gov.ru/node/1215 (accessed on 9
September 2021)

Ministry of Finance, Russian Federation

- Diamond production in Russia: https://minfin.gov.ru/ru/perfomance/jewels/Kim-
berleyProcess/ (accessed on 9 September 2021)

Ministry of Finance, Sakha Republic

- Local budget revenues of Sakha: https://minfin.sakha.gov.ru/bjudzhet/otchetnost/
godovye-otchety (accessed on 9 September 2021)

Rosstat (Federal State Statistics Service of Russia)

- GDP and GRP data: https://rosstat.gov.ru/accounts (accessed on 9 September 2021)
- Local budget revenues of Sakha: http://www.gks.ru/dbscripts/munst/munst98/

DBInet.cgi (accessed on 9 September 2021)

Sakhastat (Rosstat’s branch in Sakha)

- GRP: https://sakha.gks.ru/folder/32205 (accessed on 9 September 2021)
- Industrial production: https://sakha.gks.ru/folder/35778 (accessed on 9 September 2021)
- Population (year average): https://sakha.gks.ru/folder/32348 (accessed on 9

September 2021)
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Appendix B. List of Municipalities in Sakha

1 Abyysky 10 Vilyuisk 19 Neryungri 28 Tomponsky

2 Aldan 11 Gorny 20 Nizhnekolymsk 29 Ust-Aldan

3 Allaikhovsky 12 Zhigansk 21 Nyurba 30 Ust-May

4 Amginsky 13 Kobyui 22 Oymyakon 31 Ust-Yansky

5 Anabar 14 Lensk 23 Olenek 32 Khangalas

6 Bulun 15 Megino-
Kangalas 24 Olyokminsk 33 Churapcha

7 Verkhnevilyuisk 16 Mirny 25 Srednekolymsk 34 Eveno-
Bytantai

8 Verkhnekolymsk 17 Momsky 26 Suntar 35 Yakutsk

9 Verkhoyansk 18 Namsky 27 Tattinsky 36 Zhatay
Note: There are 34 districts and two cities in Sakha. The district is raion in Russian. It is called ulus in Sakha. Some
of them are called national ulus. Two cities are Yakutsk and Zhatay. Since Zhatay is located inside Yakutsk, it is
not shown in Figures 5, 6 and 11.
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Abstract: This multi-disciplinary science and Indigenous knowledge assessment paper reviews
over 20 years of research materials, oral histories and Indigenous views on climate change affect-
ing Unalakleet, Alaska, USA and Norton Sound. It brings a historical review, statistical analysis,
community-based observations and wisdom from Unalakleet Iñupiaq knowledge holders into a
critical reading of the current state of climate change impacts in the region. Through this process,
two keystone species, Pacific salmon and caribou, are explored as indicators of change to convey the
significance of climate impacts. We rely on this historical context to analyse the root causes of the
climate crisis as experienced in Alaska, and as a result we position Indigenous resurgence, restoration
and wisdom as answers.

Keywords: Norton Sound; Alaska; ecosystem change; Iñupiaq knowledge; Bering Sea

1. Introduction

“I was born free. I won’t die free. What happened to us?”—An Elder from Unalakleet,
20th Century.

Alaskan climate change in all of its context has not been thoroughly discussed as a
socio-ecological whole. Studies of northern climate change and, consequently, the impacts
on Indigenous people in Alaska and beyond have emerged in the past 20 years as a major
research topic [1–10]. Studies of Indigenous knowledge and concerns have also included
sectoral approaches in the Bering Sea, such as around transport [11].

Our focus area is Norton Sound, within the Bering Sea, and more specifically the
village of Unalakleet, Alaska. We, a Finnish human geographer and a non-Indigenous
Alaska-based scientist, present a multi-disciplinary assessment of climate change from
the focus of this location building on two decades of engagement. We explore questions
that go beyond monitoring and observation to include an assessment of the meaning of
climate change from various viewpoints and what are argued to be the root causes and
implications of the present day and future changes. The article, therefore, includes a strong
equity—and Indigenous rights—focus. We recognize all Indigenous communities do not
agree on the degree of climate change or the causes and solutions.

The majority of present-day climate change and Indigenous knowledge studies operate
from a uniform, geographically-fixed base of contemporary social and cultural locations.
A challenging view is to take the Indigenous historical experience into account; this has
also been called an “endemic approach” [12,13]. Iñupiaq knowledge holder Herbert O.
Anungazuk [14] (p. 189) has called this the “unwritten law of the sea”: “The lifeways of
the Iñupiaq people cover an entire spectrum, a spectrum so wide and profound that it continues to
astound the Western mind.”

In this article we try to position climate change as observed, experienced and inter-
preted in the community into an Iñupiaq-tradition informed matrix that included Indige-
nous Nations self-governing over their lands and seas [12]. These Nations also decided
on issues following their specific socio-cultural, political, cosmological and spiritual pro-
cesses [14,15]. The traditional land uses and social institutions were built on an intimate
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understanding of nature and its cycles. Burch [16] (p. 40) points to the historical fact
that “each of the Iñupiaq nations discussed both claimed and asserted dominion over
a distinct territory having clearly defined border . . . When people crossed the border
into another nation’s territory, they were either trespassers or guests, depending on the
particular circumstances attending their passage.”

According to Ray [17,18] each of the distinct units had a “chief/’omelik’” who served
as the leader of the kazgi, the community house where decisions and actions were taken.
These chiefs were mostly male. The village with a kazgi was the central political location
for a nation. Other villages would belong to the nearest autonomous kazgi or Nation with
distinct borders. A central political-social method of maintaining power, social relations,
trade and governance was the messenger feast in the villages [18] (p. 224). It also assisted
in adaptations to change and disruptions.

Northwest Alaska was a homeland of several Iñupiaq Nations self-governing their
assets and natural resources according to customary governance until the time the process
of colonization began, first by Russia (beginning in the 1700s) and then subsequently
the United States of America (from 1867 onwards). The loss of self-governance was
sped up by the introduction of dependencies on firearms [19], cash economies and large
epidemics [15,16,20–23] and political takeover of lands, resources, language and social spaces.

Pratt [24] (p. 105) has described that the Unalakleet region with the Iñupiaq, Yupiaq
and the Athabascans provided an important exception to Burch’s understanding of Indige-
nous Nations. According to him, this was due to trading and that the groups “had a stable,
friendly relationship and had friendly borders” as opposed to conflicts elsewhere in Alaska.
Ray [17,20] also identified specific historical reasons for the Norton Sound region as an
exception to the rule of the Nations and their territories.

Our work has been informed by and builds on Napoleon’s [15,21] Indigenous evalua-
tion of the events that have transformed the Iñupiaq and Yupiaq self-governing nations
into present day modern communities. According to him the colonial process, especially
the internal loss of culture and society as a result of the “Great Death”, i.e., the epidemics,
has not been understood to this day and manifests in the present day as a transference of
post-traumatic stress of social ills and collapse of specific nation-based governance, culture,
languages and social realities across Alaska.

We have chosen this approach (founded on [21]) to look at current climate change in
greater depth and to view it in context as a historical and as an equity process in Alaska.
We do not claim that we know a comprehensive view nor that the space allows for an
exhaustive review of the situation in Unalakleet. Instead, our attempt is to position the
events underway into the losses and partial resurgence experienced in Unalakleet. We
conduct this in order to explore the root causes of current change by combining oral
histories, written Indigenous knowledge statements, science and governmental reports.

2. Materials and Methods

We combine Iñupiaq knowledge, in oral histories and written statements, with the
latest natural sciences view of climate change in Unalakleet and, subsequently, the Norton
Sound and connected Bering Sea. In the studies of Alaska, there is a trend to include
“observations” [5] of change from Indigenous co-researchers, but the deeper contexts
and frames of knowledge, histories and cultures are often left out. Instead, Iñupiaq
knowledge has been seen at best as Indigenous literature [22,25] or cultural production,
but the narratives and statements by Indigenous Alaskans linking a historical and endemic
approach have not often been included as a study of climate or ecological change. On
the other hand, oral histories and communal lore have been of great importance at the
community level [12].

Hykes-Steere [26] has called attention to the fact that the internal dimensions of the
Iñupiaq are only slowly being discovered: “Our world is so completely different than most
of you can imagine. A world without time because our world is timeless . . . . We are taught
that you can live in a moment a whole lifetime and words are sacred.” With this realization,
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the understanding of Unalakleet, Norton Sound and the whole Bering Sea should be
re-assessed from a new viewpoint and methodology.

More specifically, the Indigenous history and peoples of Unalakleet have been de-
scribed, using an “endemic view” by Ticasuk in detail [27] (Ticasuk’s views have also
been under critical review locally). Historic governmental reports on the early moderni-
sation of Unalakleet [28] provide a demographic and analytical view of the post-World
War II situation. Community-based oral history work between 2002 and 2019 ([19] and
Snowchange Unalakleet Oral History Archives) contains the words and knowledge of
our co-researchers, the people of Unalakleet and their voices from the first decades of the
21st century. This is also the period of intensifying climate change impacts in the region
resulting in the present-day crisis on land and at sea.

Victoria Hykes-Steere (an Iñupiaq woman originally from Unalakleet, presently in
Anchorage) shares her written statements from 2002 to 2020 [29,30] on climate change issues
and their links to the history of injustice in Alaska. We also include written statements
of the Kawerak Inc. regional tribal consortium [31] as well as Iñupiaq individuals from
Alaska who have shared their views on climate change in public [6,32].

We use two species (Pacific salmon (Oncorhynchus sp.) and caribou (Rangifer tarandus))
as key socio-ecological species for the community. One of these indicators, Pacific salmon,
transects between the ocean and the river ecosystem, i.e., they are anadromous. This
is, in a way, symbolic for the shape and role of Indigenous knowledge as a fluid and
connected method of knowing. We also include open-ended sections on weather change
and Indigenous wisdom. We treat Indigenous knowledge (sometimes known as traditional
knowledge, Iñupiaq knowledge, local-traditional knowledge, Indigenous wisdom and also
‘endemic knowledge’ [13]) and associated streams of information (oral histories, paintings
and written statements) being of equal and independent value as a method of knowing.

The methods used include Indigenous evaluation [29], endemic ways of knowl-
edge [13], oral history [33] and narrative analysis [34] to position the observations, views
and Indigenous wisdom of climate change into a frame relative to Unalakleet. Secondly, we
use community-based monitoring [35] as a vehicle to position and understand the issues
from the materials.

These methods have been complemented with field visits during 2002–2019, community-
based workshops to document and understand the Unalakleet climate change situation,
literature reviews, place name analysis and youth engagement (2002–2019). All oral histo-
ries, interviews and workshops have been collected and conducted using the principles of
free, prior and informed consent.

For the western scientific understanding of climate and ecological change in Un-
alakleet, we used a literature review and publicly available data sets from the region to
position the speed and scope of change into a useful framework. Cartographic and satellite
data interpretations, field visits during 2002–2019 and regional ecological monitoring of
key indicators and species are also used. In the conclusion, we position the Indigenous
knowledge and science trends on the two keystone species into a dialogue to point to
potential divergences, disparities and commonalities followed by a final assessment using
the long-term Indigenous knowledge of the situation.

3. Results

3.1. Historical Context

It is impossible to investigate the present-day experience of climate change without
first reviewing the historical context of Indigenous peoples of Unalakleet as a tapestry of
Alaska. Unalakleet is a village located on the Norton Sound at the mouth of the Unalakleet
river in Alaska (Figure 1 provides a map of the Norton Sound region, with place names
as described below). It is located approximately 630 km from Anchorage and is a fly-in
community (https://kawerak.org/our-region/unalakleet/) (accessed on 1 December 2019).
The earliest archaeological evidence from the present-day village site dates back to 200 BC
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(also see [32]). Emery, Redlin and Young [36] (p. 482) say that the site would have been
used for “15,000” years but do not provide a more exact source for their data.

Figure 1. Map of Norton Sound region.

According to Ray [20], place-name analysis is a method of understanding occupation
and presence over long periods of time in Indigenous Alaska. On the Norton Sound,
according to her, the Iñupiaq and Yupiaq systematized their travel and camp sites as well
as dwelling sites on place names. Ray [20] (p. 256) and [16,24] point out that, today, most of
the Indigenous place names have been lost as they ceased to be used for the most part in the
end of the 1800s: “(place names) once held a tribal territory together, provided mnemonic
guides for travel and utilisation of resources and forged a permanent and identifiable bond
with the land.”

Pratt [24] identifies the community to have been a major historical node for pan-
Indigenous trading and migrations. According to Pratt [24] (p. 94), the Indigenous peoples
in the region at the time of the European contact were the Koyukon Athabascan and Unalit
Yupiaq peoples. Some sources recall earlier Iñupiaq presence already in 1830s (Snowchange
Unalakleet Oral History Archive 2019). Ray [20] also reports occasional Iñupiaq “travellers”
down to the Kuskokwim river in the early 1800s. Until around 1800, Unalakleet was a
major border of Iñupiaq and Yupiaq languages. After that, Ray [17,20] says that it became
a trilingual community of Malemiut Iñupiaq, Kauwerak Iñupiaq and Yupiaq (see critical
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view of the Malemiut concept in [16]). This change was triggered by a loss of caribou in
the Iñupiaq home areas further north and increasing trade [18,37]. Burch [23] places the
overall crash of this Nulato Hills caribou herd (see below) between 1870 and 1900 (see
critical assessments of his analysis in [38,39]). Ray [18,37] refers to this as a major economic
revolution in the region. The destination of the increased trade was the Russian-established
trading market of Anyui on the Kolyma river delta in Siberia in the Chukchi homeland [18].

Burch [16] (p. 319) offers a very important analysis of the arrival of what he calls a
“new social system”. He writes that the combination of loss of caribou, small-pox, trade
and other drivers all contributed to the establishment of the Iñupiaq presence on Norton
Sound. According to him, the social structure of the Iñupiaq allowed strangers to join
with a specific Nation. He says Unalakleet received the survivors of famine even from the
Kivallinigmiut people [16] (p. 321).

The documented place names of Iñupiaq and Yupiaq origin on the sea coast around
the community reflects the seasonal rounds of hunting, fishing and gathering (see [20] for
a full list), including those listed in Table 1.

Table 1. Selected older Iñupiaq, Yupiaq, Unalit and Athabascan place names of the Unalakleet catchment area as in
Pratt [24] (p. 112).

Iñupiaq and Yupiaq Place Names Translation

Kungikuchuk Norton Bay
Ingektuk A (good) mountain where it was good to pick blueberries
Choatulik Blueberry place

Igikpait Big mountain where caribou hunting took place, see more on this in Burch 2012: 75,
placing this place name in the 1840s

Pitikshuit Place of shooting caribou, see Burch 2012: 75
Putulgit Rocks with a hole, a way of measuring number of people passing by adding a rock
Kikiktuk Island (whale island) for whaling between Unalakleet and Shaktoolik, today Besboro
Paimiut Unalit name for the river mouth and associated fish camp area

Nigukmuthluk Cache area for meat
Sikseriak Where to go for hunting squirrels

Angakuksharak Old lady’s camp
Kaglik Place of seining on the Unalakleet river

Mekliktlik Place or a stream of good water close to the ocean
Nagoyumkuti Sandbar where the sea gulls congregate on the Unalakleet river
Naplathlasit Location of the Sámi / Lapp reindeer herders, also an old fishing camp

Nunamitkoa End of the world, a river camp site where the Iñupiaq fish camps ended in 1800s
(today, the river is used more extensively)

Yup’ik Place Names Translation

Ungalaqliq
“south/south wind [village]” or “one river to the south” or “from where the south

wind blows” or “the way the [Unalakleet] river flows south to the ocean” or “where
the Unalit live”. Ray (1971: 253) quotes Rasmussen as to “farthest south”.

Kuiggavluaq “Swift river” or “little river”
Iktigalik “Possesses Indians”
Ulukaq “Woman’s stone knife”; stone formerly used to make women’s knives

Lower Koyukon Place Names Translation
Yoonłe “The distant perimeter”

Ses Tseegé “Ochre-colored bear”
Kk’aadoleekkaakk’et “Mouth (of Kk’aadoleet Nó)”

LeggUyh No’ “White river”
Edemełek Denh uncertain/unknown

Tiyh T’oh “Where the trail lies at the foot of a hill”
Haatoghee’o Denh “Place where/to which the water reaches”
Ses Tseegékkotno’ “Little [Ses Tseegé (ochre- colored bear)]”

Too Kk’utl “spring water”

Kk’aadoleet Nó “Water flowing on (a downward slope to the sea)”; “river flowing on top” [“i.e., on
the portage”]

Yoonłe Tene perimeter trail
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Challenging, in part, Ray [17,20] and other scholarship, Pratt [24] argues that the
Unalakleet river catchment area and the upstream river have historically been Koyukon
Athabascan-occupied, as reflected in the place name analysis. Burch [16] (p. 12) also adds
to Ray’s analysis that there are names of individuals reflected in the Norton Sound place
names. Toponyms such as Haatoghee’a Denh are evidence of the large use and occupancy
by the Athabascans [24] (p. 100).

The village has been a significant pre-historical trade area between the Athabascan,
Yupiaq, known as Unaligmiut (considered the “original inhabitants” of the community in
pre-history), and “northern” Iñupiaq (also speaking Malemiut and other Iñupiaq dialects,
such as Kauwerak) peoples in Norton Sound connected by overland route to the Yukon
River in the East. This route is known as the Kaltag portage (see map in Figure 2) and
positioned local nations into a geopolitically central role as mediators of trade up and down
the Yukon River.

 

Figure 2. Historic route of the Kaltag portage.
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The place name Unalakleet has been defined as “From the South Side” (some sources
earlier translated it as “Where the East Wind Blows”, but this is today considered inaccurate
([19,24]). Ray [20] also says “One river to the south, or where the south wind blows”).
Ray [20] and Pratt [24] offer the historical evolution of the place name: From “Uliakag-
miut/Ungalaklik/Unalaklik” (this referred specifically to the Yupiaq community south of
the river mouth. The Iñupiaq had their settlement north of the river) into “Ulukagmiut”
(in 1800s) into the present-day Unalakleet (these toponyms have also referred to the ethnic
communities in place across time). Pratt [24] (p. 112) says that Ungalaqliq referred to “from
where the south wind blows” amongst other meanings.

Ticasuk [27] (p. 29) says that the Kuvunmute Iñupiaq people arrived at Unalakleet
from the north from the Kobuk River area. She [27] (p. 49) points also to the Yupiaq
influence in the community associated with the proliferation of trade following the contact
with the settlers (Russians) in the 1700s. Pratt [24] (p. 95) provides that the first contact
happened in 1778 (while Ray [20] (p. 252) points out that King Island, Ukivuk, was reported
by Daurkin in 1765). He says [24] (p. 95) that the first European to visit Unalakleet was
Andrei Glazunov in 1833. Ray [37] and [16,23] report that the first firearms arrived in the
region in 1819. Pratt [38] offers criticism of this theory and links these herds to a larger
Western Arctic caribou herd (WAH), pointing that Burch’s assessment of the firearms was
vague. According to them, the introduction of firearms may not be a valid argument
in losses of caribou populations in the region. Instead, other reasons such as cyclical
population dynamics may be at play. Mager [39] has also continued the assessment but
comes close to [23] genetic evidence.

The earliest recorded notes from Unalakleet are from the Russian-American company
who constructed a post there in 1830s. Ray [18] points to the number of ships associated
with the search of the Franklin expedition that caused major social impacts in 1849–1853.
In 1892–1898, reindeer herders were brought into the region to introduce this northern
trade to Alaska [23] (p. 17). These herds dwindled after 1936 for the most part, with some
exceptions such as in Stebbins [40].

Ticasuk [27] offers a view on the pre-contact and early-contact Unalakleet society as
observed by the peoples themselves and “handed down” from the past using Iñupiaq
knowledge transfer. She provides a view of the royalty, kinship and a description of the
endemic [13] decision-making processes in the community. Her account describes the
Iñupiaq traditional royalty from the region, including Alluyagnak I and II ([18] she spells
them as Alluiyanuk) and Queen Masu. Ray [18] says that majority of the Iñupiaq population
in Norton Sound is related to Alluiyanuk. Hykes-Steere [41] describes these royalties in her
recent reflection: “Dorothy Jean Ray did field work in Unalakleet in the 1960s and stayed
with my great-grandmother, my grandmother’s mom and our last traditional Queen. Her
father was Chief Nashalook (see also [27])—the last one Unalakleet had. His two brothers,
(the oldest) and Paniptchuk were co-Chiefs, but Nashalook, the youngest brother, was
made Chief when he was 20 or 21. Their dad was Chief. There are five Iñupiaq languages
in Unalakleet, so unlike most villages we were not all related.”

According to Ticasuk [27] (p. 27), the Norton Sound Iñupiaq practiced their seasonal
rounds according to ecology and the species and food available. Freeze-up and ice-melt de-
fined the uses of the marine and terrestrial areas for hunting, fishing, gathering, trading and
other activities [27]. The authors of [20,28] point to the fact that, historically, the Unaligmiut
had been living as far west as in Golovin Bay, influencing the linguistic situation there.

A major social change event was the arrival of the Reverend Axel E. Karlson (originally
from Sweden) who became a significant advocate of Christianity in the village and in the
region. He arrived into the Norton Sound Region in 1887 and from there on started to
expand his missionary work [27] (p. 95). This has been summarized as follows: “On
June 25, 1887, Evangelical Covenant missionary A.E. Karlson arrived in St. Michael. In St.
Michael, he happened to meet Nashoalook of Unalakleet, who spoke some English and
Russian. Nashoalook, a medicine man and the last traditional chief of Unalakleet, was one
of five tall, dark brothers who had moved to Unalakleet from Malemiut country, which is
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east of Kotzebue. Nashoalook invited Karlson to Unalakleet, and travelled there on July 12,
1887. In Unalakleet, not all of the locals were as friendly to Karlson as Nashoalook was,
and a plan was hatched by three men to kill Karlson. Upon learning of this murderous
plan, Nashoalook hid Karlson in his home for three months until the angry men could be
persuaded not to kill Karlson” [42].

Ticasuk [27] (p. 97) describes that there used to be a “kargii” (kazgi is the spelling
cited in [17]) surrounded by sodhouses in the area, reflective of the Iñupiaq customary rule
and governance. She points to a fact that many earlier residents of Unalakleet had “died”
before the re-settlement was underway in the 1880s. Ray [20,28] confirms this and points
to a small-pox epidemic of 1838–1839, which left the community with only “13 survivors”.

This indicates the massive role of the epidemics of the region [15,16]. According
to Ray [18], subsequent epidemics included measles and pneumonia in 1900 and the
1918 influenza epidemic. She also refers to the 1830 tsunami that affected coastal villages.
A major outside driver in the region was also the number of gold rushes between 1898
and 1900.

Ulukagmiut also entered into regional conflicts with the Athabascans, including the
Nulato Massacre in 1846–1851 ([24] p. 97). However, at the time of the 1838 epidemic,
there was an Iñupiaq settlement on the north side of the river (the one Karlson saw),
which amalgamated the 13 survivors from the Unalit (Snowchange Unalakleet Oral History
Archive 2019).

Ray [28] (pp. 150–151) says that the Iñupiaq arrival to the Unalakleet region was
also driven by the accelerating status of the Russian fur trade, which was prominent
between 1836 and 1868 ([24] p. 97). By establishing personal kinships in the region with the
Unaligmiut, the Iñupiaq were able to establish their presence in the area (see also in [27]
on the personal kinship relations of Norton Sound). Ray [28] (p. 151) says that the key
period for co-existence of the Iñupiaq and the Unaligmiut happened around 1865–1867.
The amalgamation process sped up with the missionary work by Karlson.

Karlson was involved also in the construction of the “new” village of Unalakleet [27].
The area had been used for a long time as an Indigenous trading and occupancy site, yet
the 1887 events saw the fixing of the village site to its present location. At this time Russian
was a common trading language in the area due to the history of the Russian-American
company trading and settling since 1700s. In later years, English became dominant.

The question of land rights has persisted in Alaska beginning with the 1867 transfer
officially to the US from Russia [29]. A range of legislation, including the Dawes Act
and the Wheeler–Howard Act, advocated either for recognition of “Native lands” or
extinguishment. A central driver of these political-legal actions was the question of how
the lands of Alaska could be utilized. The people themselves were equally active early on.
Already in 1912, the Alaska Native Brotherhood struggled for recognition of Indigenous
rights. Between 1942 and 1946, Unalakleet was included in a group of seven reservations,
similar to the mainland United States. Unalakleet was the smallest with a land base of only
870 acres [43] (p. 87).

In modern history, Alaska was established as a state in 1959. The twin drivers of un-
settled Indigenous rights and the discovery of oil and gas as well as other resources
led the U.S. Congress to pass the Alaska Native Claims Settlement Act (ANCSA) of
1971 (see critical views in [29,44] and supporting views in [43]). This Act transferred
Indigenous lands and governance areas into ownership by regional and village for-profit
corporations—a solution that has not been used elsewhere. The city of Unalakleet was
incorporated in 1974 (https://kawerak.org/our-region/unalakleet/) (accessed on 15 Jan-
uary 2020).

According to Hykes-Steere [29] the ANSCA transformed the land governance away
from the traditional governments into the hands of “western”-defined corporations. Hykes-
Steere [29] (p. 384) says that “congress . . . forced (Indigenous hunters, fishers and gatherers)
into the market economy and the 20th century, the largest land grab in U.S. history and
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a marvel of social engineering designed to destroy the social fabric of our communally-
based societies.”

3.2. Climate Change

According to Indigenous observations from Unalakleet, climate change impacts began
to emerge primarily during the post-ANSCA era. We call this period “modern Unalakleet”.
Climate change impacts, as perceived by the people in the community, started in the early
1990s. Major visible climate change impacts as perceived locally include coastal erosion,
sea level rise and storm surges. The community has been chosen as one of the most
vulnerable in Alaska because of this by NOAA [45]. Emery, Redlin and Young [36] (p. 481)
estimate that 86% of the Alaska Native villages in Alaska will face “destruction” because
of these drivers.

Aronson [45] (p. 7) stresses the spirit of survival in the community. This has led
the community to take a range of actions overall, including erosion monitoring with the
U.S. Army Corps of Engineers, sales of uphill land lots to residents to have new housing
areas, construction of a sea wall and wind power installations to diversify community
energy sources.

We have chosen one marine and one terrestrial species of central importance to the
Unalakeleet residents as keystone species (Pacific salmon and caribou). This allows for an
ecosystem-crossing view and to position and discuss the community-based Indigenous
observations from several co-researchers between 2002 and 2019, several of whom have
passed on. We wished to allow a rigorous dialogue with scientific indicators of the same
species to take place and, hence, chose only two species, a terrestrial and an anadramous
example, even though, as is often said, Indigenous knowledge does not separate or uplift
certain species over others. Two final categories refer to weather change and an open-ended
space for “Indigenous wisdom” where the undefined free expression of Iñupiaq knowledge
can be outlined.

Even this method of expressing observations remains limited. The space here does
not allow for linguistic scaling, Indigenous evaluation [29] or a full oral history disclosure
of the nuances and details of change. Our purpose is, however, to position observations
into a twenty-year frame and meaning in order to offer a coherent view of change.

Table 2 lists key observations, an interpretation of meaning in the given context and
the source material where the observation can be referenced for each indicator species
listed. Brief summaries from the observations listed in the table are in the sections below.

Table 2. Key observations, meaning and source material references for Pacific salmon and caribou.

Pacific Salmon (Oncorhynchus sp.)
Key Observation Meaning Reference

Salmon harvested for dry fish; important seasonal food Major dependency on Pacific Salmon [19]

Salmon populations started to dip in 1992; warmer ocean Moreover, birds and salmon dip in numbers.
The ocean is warmer [19]

Ocean bottom vegetation is increasing and affects salmon Warmer trend noticed in 2002 (nets) [19]
Overharvesting of salmon in the Bering Sea (international) International boats take too much in 2002 [19]

Salmon have more lesions, 2002 More disease in salmon [19]
Everything depends on the nutrients of the salmon on river Salmon is the key to river health [19]

King Chinook fishery was very big in 1980s; now it has dipped Chinook numbers down in 2002 [19]
King salmon drops “first noticed in 1980s” Chinook decline first observed in 1980s [6]

Silver (Coho) salmon plentiful in 1980s; now it has dipped 2002 Coho numbers down in 2002 [19]
1997–2002 “considerable drop in salmon” Numbers dwindling [19]

In 1983, daily catch was 20–45 tonnes commercially; now it is low Major drop compared to 1983 [19]
“Ten times more king, chum and coho” in 1983 than in 2002 Collapse of salmon [19]

King Chinook arrives later than usual 2002–2003 Warmer ocean? [19]
Silver (Coho) salmon arrives late 2002–2008 Changes in water temperature [19]

Silver Coho salmon made a comeback in 2008 Increased Coho numbers [19]
Many dead fish at the ocean bottom 2002 Hook fishery by-catch or catch and release? [19]
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Abundance of Pink Salmon in 1940s Loss of plentiful stocks [19]

Pink salmon years are “even” Pink salmon plentiful in even years; cyclic
nature of pink salmon stocks [19]

Average catch 5–6 King Salmon in early 2000s Major collapse compared to 1980s [19]
“Half of the salmon” lost Major salmon collapse [19]

River very low; warmer temperatures 2002–2008 Prevents salmon spawning in time [19]
Fish deformations more common after 2000 Sick fish increasing [19]

Pacific Salmon also occasionally returns back to ocean Individual behaviour reported [19]
Pinks, Chums, Silver and Kings stay in the area all year Resident salmon stays [6]

Chum (dog) salmon used for dog food in the past Change in modes of transport [19]
International fleet harvesting millions of tons Lack of Indigenous rights [5,19]

Pink salmon in dire straits since 1992 Collapse of Pink Salmon [19]
Biggest threat is the loss of subsistence salmon Cultural and food security threat [19]
King (Chinook) numbers on the decline 2008 King Salmon loss [19]

King salmon has a 24-year salmon run Cyclic runs are long [19]
Large numbers of jellyfish New event; kept the silver salmon away [6]

Salmon spawning areas disturbed by people 2002–2009 Human interference on the spawning [19]

In 2007, the industrial trawlers took 120 tonnes 1982–2019 severe impact on chinook
from trawling [46]

Salmon and tomcod health linked Tomcod harvest decreasing, loss of ice [47]
Salmon and herring health linked Link between herring decrease [47]

Silver main commercial ocean fish in Unalakleet 2009 Central to the community [6]
Seining, rod and reeling for silver in the river Subsistence use high [6]

Subsistence closures due to overfishing in Unalakleet Major commercial harvests [6]
Trout harvest Pink salmon fry and smolts for food Trout affecting Pink [6]

King salmon is smaller than in the past 2015 King salmon size loss [6]
Pollock fishery affects King salmon as a side catch Pollock harvest affects king numbers [6]

King salmon eats more herring or does not eat Changes in King diets [6]
Kings first to arrive 1 June; arrival dependent on ice cover May be delayed if a lot of ice [6]
King salmon do not have a whitish “tip” anymore in 2014 Changes in King salmon nose [6]

King salmon decline due from predation of trouts Predation [6]
Habitat changes cause less King salmon Habitat degradation potential [6]

Commercial King catch ended Voluntary moratoriums in place [6]
Silver salmon do not have “noses” in 2014 Changes to bodies of silvers [6]

Silver salmon has skin diseases and problems Quality of the silver down [6]
Drop in Pink salmon numbers in 2014 Pinks affected, numbers down [6]

Red (sockeye) salmon rare in Unalakleet, but now increase Not often observed in the past [6]
Chum salmon comeback in 2014 Chum doing better in 2014 [6]

Increase in beaver dams may affect salmon spawning Dams of beavers affecting salmon [6]
River temperatures too warm causing salmon death Fish death events in Summer 2019 [31]

Salmon arrives earlier, fry leaves later Changes to salmon cycles [31]
Pink Salmon pre-spawning death events Water temperatures high [48]

Thousands of Pink Salmon dead in Unalakleet in 2019 Water temperatures high; will impact
mammals and birds [40]

King salmon returned plenty in summer 2019 Have been mostly gone for 15 years; closures
have worked [40]

So many dead fish that youth could not jump from the
bridge to swim Salmon deaths noticed by all age groups [49]

Best King harvest since 2014, but mostly small fish Improved king situation, but size is small [49]
Caribou (Rangifer tarandus)

Key Observation Meaning Reference
“Immense herds in Unalakleet in May 1867” Caribou (possibly NHCH) plentiful [23]

Caribou stocks collapsed in Northwest Alaska in mid-1800s Redistribution of Iñupiaq peoples [24,28]
Caribou had further decrease in 1870s Redistribution of Iñupiaq peoples [18]

Communal drives for the caribou have ended in 1900s End of a communal harvest [50]
Caribou hunt remains central to food security 2002 Caribou still available in 2002 [19]

Caribou re-appeared close to village in 1980s In 1940–1960, few caribou [19]
Quota of 5 caribou/day in place in 1980–1990 Food security guaranteed [19]

Between 1997 and 2002, Caribou have not come to town Animals stay further out [19]
Caribou hunting is performed usually in winter, January Seasonal round observed [19]

89



Sustainability 2021, 13, 9971

Table 2. Cont.

Sámi reindeer mixed with the caribou since 1891 Reindeer and caribou mix [19]
17000 caribou mixing with reindeer 1989–2005 Reindeer and caribou mix/Seward [51]

Caribou have not really been here since 2001 (2008) Disappearance of caribou [19]
Caribou migration close to town ended in 2004 Disappearance of caribou [36]

Caribou are “128 miles” away Disappearance of caribou [36]
Caribou are far away from the village Continued absence of caribou [52]

One family had to travel over 300 miles to caribou (2018) Caribou far away from the village [52]
Hunting trips extended to Buckland and SE Buckland 220 miles;

450 miles total Caribou far away from the village [46]

Caribou used to be harvested in January, now in March Travel on the land becomes hard due
to conditions [46]

Hunters have to travel to Koyuk for caribou Caribou far away from the village [40]

3.2.1. Pacific Salmon (Various Oncorhynchus spp.)

Key summary: The authors of [6] (p. 127) describe the fish species important in the
community (including Pacific herring, King salmon, Chum salmon, Pink salmon, Silver
salmon and trout species), and how they are fished and used. Pacific salmon species
are central for food security and culture. Major declines in numbers occurred between
1983 and the 2002–2007 period. After this, Silvers rebounded for a while, whilst King
salmon numbers were very low until 2019 when they made a return. Pink salmon mass
death events triggered widespread concern in 2019, alongside changing ocean and river
conditions. Industrial harvests (by “foreign pirates”, pollock by-catch, major fisheries in
the Alaska Peninsula and Aleutian Islands Management area and. to a much smaller extent,
the local commercial fishery) affected the subsistence catch. Trout are increasingly affecting
salmon smolts.

3.2.2. Caribou (Rangifer tarandus)

Key summary: Early crashes of caribou stocks in Northwest Alaska triggered a
migration of some of the Iñupiaq further south [23]. In 1867 there were large numbers
of caribou in Unalakleet. During the early 1900s, the caribou were not as plentiful, and
reindeer introduced by Sámi herders in 1891 [51] eventually joined the caribou herds. Caribou
were abundant and provided for the village during 1980–2000, but since then numbers have
dwindled, and animals have moved further away from the village ([28] gives a base number
of 200,000 caribou in the Bering Strait region, with 15,000 annually on average).

3.2.3. Weather

Table 3 shares key observations related to weather observations and changes, includ-
ing references for the source material. The information includes how Elders and earlier
generations could predict weather accurately, and some people could even influence the
wind and weather, but those skills are being lost as a community. Snow amounts and
storms have been observed to change significantly. The timing and process of break up and
freeze up have also been affected in recent years. Continuing coastal erosion is a concern,
as are algal blooms in the ocean. There is less sea ice, and it is thinner. Major storms and
lack of sea ice have occurred more recently in 2010s.
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Table 3. Key observations related to weather and source material references (including summarized
observations and direct quotes; direct quotes are indicated with quotation marks).

Weather
Key Observation Reference

1830: A major tsunami event in Bering part of Alaska. [18]

Only in 1892, Bering Strait could be crossed on ice. [18]

1892: Winter was unusually cold, fall was late and was spring early. [18]

Shaktoolik suffering from erosion (caused by river) already in 1931. [18]

In 1950s, weather was “normal”. [6]

In 1960s, ocean conditions started to be “rougher”. [6]

Freeze-up happened from September to October in 1960s. [6]

Weather was more consistent. [6]

Change started in 1970s. [6]

Ocean frozen solid last time in 1970s; polar bears close by. [49]

[When asked about weather prediction] “I... you know we grew up without
grandparents, the ones that have grand- parents are the ones that... they sure

know how to predict. There’s one lady we used to go camping with a boat down
the shore for salmon berries; she’ll predict the weather in the evenings. She’ll go
out and put her hands inside her parka and stand around and look at the clouds,
and look at the hills, and some evening she’d come in and say: ‘tomorrow will
be nice,’ other days then, ‘tomorrow won’t be too good, either rains, or be real

windy.’ If it’s windy they enjoy it, because of the mosquitoes.”

[19]

“I would say that there’s gonna be years with really heavy snow, and that gives
us a reminder of when I grew up. But it seems like it was like that every year.

And now, maybe once in a decade we’ll have a really good heavy snow year. In
fact, several of the last ones have been pretty dry, not as much snow as I could

remember. But it seems like when I grew up we had lots of snow every year. But
it does not seem to be the case now.”

[19]

“I moved in to my grandfather’s home back in 1939, and there’s a lotta change
since. It’s noticeable. We used to have, you know, the break-up of the Unalakleet
River used to occur late in May and in June. And now it’s late April or first week
of May It’s much earlier and much warmer, than it used to be. And when I was a
kid, during the middle forties, it was a fun game for us to jump from ice cake to

the water, and it’d be middle of June!”

[19]

“The first time I really can remember having rain in winter time was when I was
in grade school, and then it froze the next day, and everybody went skating all
over the place. It’s a long time ago. Around 1951, or somewhere around there.”

[19]

“It just doesn’t seem like we’ve had too much of the blizzards, like we used to
have when I was younger. And long period of bell blizzards in, you know, not
the one-day, two-day kind. I mean it used to blow seven to ten days in a row,
you can’t see anything, that’s why we had the big snow banks. But it seems a

little bit warmer.”

[19]

“There has been changes since I’ve lived here. I came here in 1978, and I’ve
noticed that one of the big changes in the winter is that there is no more big huge

snow banks in town. They were very, very high above buildings each winter.
Now there is practically none. And when I sit around with people, and visit

maybe the older ladies, they talk about how the summers are hotter than when
they were young. Or ever since I’ve been here maybe it seems like the summers

are hotter.”

[19]
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Weather
Key Observation Reference

“We notice these things, so maybe the global warming may have affected them.
It wasn’t that noticeable. One other thing that I noticed is that even the snow...

that may not be natural, I’m almost certain it’s because of global warming.
Because in the fall, we used to get snow all the way from October and

December-January, and the snow used to be all over, you know, and the snow
banks. But during the last few years the snow doesn’t seem to come until

January, or so late. And last year, we got quite a bit of snow, and when the warm
weather come, and the snow just dissolved more or less.”

[19]

“My step grandfather said years ago the winter was severe. They used to go dog
teaming to go to St. Michael’s, and they used to make straight cut. But now they

say the weather is changing on account of the wind, and this keeps it from
forming solid [ice where] the wind would blow. We do have a lot of east wind

during winter months. And it is not as solid as it used to be, to go right straight
to St. Michael’s.”

[19]

“I’ve hunted seals ever since I was a little boy. My dad took me up when I was
so small, and I could not see the land in any direction, and I was worried. I was

hoping that he’d know the way back, because I didn’t know where I was. He
taught me how, and he taught me wind direction and how to catch the seals. You
know, when I am looking for seals, cause minor problem, but if I’m not looking

for the oogruk [bearded seal], I need the leave the shore-fast ice and get out
there, you know, twenty-three miles out on the ocean. And if I am looking for

walrus I gotta go even further.
But he taught me how and basically where to find them, and how to catch them

and how to take them a part. And what to bring home and what not to bring
home; there was not too much we left behind.”

[19]

“It’s warmer! Yeah it’s warmer, and I’m told that the scientists are seeing a lot of
different types of algae growing out there. And blue whale... blue whale is right
in it. They’re not supposed to be up here! But they’re out here on the Bering Sea,

in that green stuff. So, I don’t know maybe they’re just using it for shade or
something, but... there’s a lot of change in the ocean! When they first started re-

porting [changes in birds]... that’s when our salmon started taking a dip in
population. It was about ten years ago; they said that birds are dying out there.

And it showed here, in the fish; we get less fish.”

[19]

“The sea ice is thinner in the winter- time. Here it blows out frequently, cause we
have east winds, and after freeze up when the wind blows the ice off, and that

might be a contributing factor too. I’ve noticed that the ocean ice is considerably
thinner. Because of it’s thinner it breaks up sooner. ”

[19]

“You can also use the wind and the tide, somehow I can’t think of how you can
do it right now. But you can tell which way the wind is going to blow by just

looking at the tide. Also, when we are out berry picking and it’s very calm and
all the mosquitoes are there, we usually whistle. You know, and it’ll bring the

breeze. So we still do that.”

[19]

2012: Extratropical cyclone produced storm surged up to 3–4 m. [45]

1994: A really high flood on the river. [45]

Really early winter, 1992. [45]

There is more rain now affecting the drying of fish in 2014. [6]

Floods affect the salmon spawning in 2014. [6]

Decreased snowfall makes the river freeze to the bottom affecting fish and
spawning survival. [6]

New storms cause substantial erosion. [6]

Breakup in 2014 was noted to be different than in the past, ice melts on the place,
no bangs. [6]

92



Sustainability 2021, 13, 9971

Table 3. Cont.

Weather
Key Observation Reference

Freeze-up has been delayed in the autumn 2014, now it happens
October–November. [6]

Sea ice is less, with more open water areas. [6]

Loss of dog teams means that the fish are not used as much. [6]

Sea ice formation usually in October; in 2018, open water well into Autumn. [32]

Disappearance of the Bering Sea “cold pool”. [31]

Projected disappearance of sea ice by 2037. [31]

Hurricane in Savoonga 2017 damaged over 60 homes. [31]

Energy infrastructure affected. [31]

Four feet of ice in June during seal hunt in 1970s. [46]

No sea ice and hard sealing in 2018 on March 14th, 60 miles one way for
hunt trip. [46]

3rd August 2019: massive storm with flood events. [46]

Lack of sea ice and 35 mph winds cause significant erosion. [46]

Permafrost thaw events on the coast reported and documented; sinkholes. [46]

New storms are so massive that people need to evacuate. [40]

Plants bigger because of warmer weather. [40]

Winter 2018–2019 no sea ice at all. Seagulls stay longer. [40]

Algae forming in bay and caught in nets. [49]

Elders saw the changes in visions beforehand. [49]

3.2.4. Indigenous Wisdom

Table 4 provides space for the open-ended sharing of Indigenous wisdom that oc-
curred in interviews and materials. By highlighting these specific statements, we are
pinpointing what constitutes as meaningful as perceived by Indigenous evaluation meth-
ods. In summary, climate change is observed to be caused by greed and loss of traditional
Indigenous values. Survival and well-being in Unalakleet is understood to be deeply
connected to the health of animals and fish and the environment. The “ownership” of
Alaska was described to have been wrongly transferred to parties that are not managing
the environment well. The Alaska Native Claims Settlement Act has not delivered the
promised rights or solved the crisis in the villages.

Table 4. Open-ended Indigenous wisdom, including source material references.

Indigenous Wisdom
Key Observation Reference

“If the global warming really affects the salmon and I think it does, salmon and all these other resources that
natives subsist and rely on, when those are gone, it will be hard on a lot of people here in our area”. [19]

“Our ability to survive as native people been depends a lot on that fish and it’s staple in our diet.” [19]

“We grew in a times, where we were the only ones here and we owned the whole state. You know, the native
people did. That forty million acres, sound [like] an awful lot of land that they say they give us. But there’s

364 million acres in the State of Alaska. What happened to the other 328 million, that was divided up between
the federal government and state government? Our land, and they have taken the land. They’ve taken the

money derived from that land. They’ve taken the money derived from the oil, and they’ve spent it in urban
centers. While our communities go without water and sewer yet.”

[19]
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Table 4. Cont.

Indigenous Wisdom
Key Observation Reference

“Native people have to be a part of the society. They have the right to be here, and we have a right to be here.
And I’d like to keep fishing and hunting, and pass on what my dad taught me, plentiful, bounty of the ocean,

and the bounty of our land that we live in.”
[19]

“I worry if they kill the resources, that not only we depend, but the marine mammals depend on. If those fish
species are gone, what are they gonna eat? If they change the cycle of life, that we depend on, there is a missing
part of that cycle that [reverberates] throughout the whole cycle. You end up with nothing. It’s kind of scary.”

[19]

“I have really deep concerns about oil and gas development. I think it benefits primarily the huge companies
and the nation as whole. And they don’t take care of the local people, I mean, they say they do. And they do

indirectly through taxes and the employment. But based on their experience with the North Slope
development, there were very few native people that got hired up there permanently. There’s some. You know,

there’s no question that there’s benefit there. But the majority of people didn’t really have an opportunity.
Most of the people employed were outside people, imported to do the work. And that’s been common in

Alaska since the beginning of world trade.”

[19]

“And then how long does oil pollution last? It’s really... it’s really hard. You know, there’s always the
argument of scientists. Western scientists versus aboriginal people, and how they know their area. And

generally the scientists are written-language based, and document -based. And they don’t believe anybody
unless several people saw it. And when they’re dealing with fish and game, and wildlife, there’s no way, you

know, they’re always behind schedule by fifty years. I summarized Western science being ‘oops’ science.”

[19]

“If you judge by the fish, no the sea is not healthy, but there’s something going wrong, there’s
something going on.” [19]

“I think it [knowledge of weather] changes gradually. Right now you got satellites and television, and they...
they keep communications going.

But, I think some people can read weather very well, and for what they do. I mean, they take care of
themselves, like the fishermen and hunters. And they know what’s going on, and they can tell what is gonna
happen. So, they’re prepared for what’s coming up. I know, one of my friends told me that he was suspicious
about his weather forecasting ability, because of the change. He said, ‘The ice isn’t as thick as it used to be, the
currents are different, and the weather patterns changed a bit.’ So, when you see the different cloud formations
in relation to the hills, you know there is a change. It changed a bit. It’s harder to tell, how the weather’s going

to act with his knowledge. So, we, the younger ones we are a bit more dependent on... they’re using the
Internet now. And there’s more observation in points that’s formalized. A long time ago you just depended on
yourself. You know, where you are at and you had to read the weather for your own benefit, and your memory
of what happened before. You don’t have to think about it, you just have to be ready to go and do the stuff.

And now that weather forecasting has become more formal and more [dependent on] modern technology for...
I don’t know... It’s just different! It’s not mind based it’s... technology based with mind interpreted.”

[19]

”I remember Elders like saying, like, I don’t remember exactly, but you can see if it’s gonna rain on you in
twenty minutes or not. You can see [it from the ways the] clouds are going and see what kind of clouds are

coming. Sun mostly comes with calm weather, or you can somehow see if it is going to be there within the next
few hours. But I don’t know how to predict the weather.”

[19]

“Etok (Charles Edwardsen from Barrow) and the others who began fighting for land rights in Alaska where
when the oil companies joined them in their fight to clear title for the right-of-way to build the Trans Alaska
pipeline to access the oil in Prudhoe Bay. Most of the leaders, including Etok, accepted credit cards to pay for
their travel to DC. Their travel had been funded by bake sales, raffles, bingo and often they ended up sleeping
at the airport, which at the time had showers in DC. This lead them down a very precarious road and in the

end we lost our hunting and fishing rights, the land went to corporations and the villages lost
control of the land.”

[53]

Given the speed of climate change, tribes cannot rely on state or federal action for decisions. [54]

“Though the Earth changes, it is still giving. Providing. Nurturing. Inuqtaq (a small boy in 2018) will still learn
respect for what gives life. I hope the rest of the world quickly adapts and also respects the Earth—as we have

for milleniums and will continue to do so.”
[32]
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Table 4. Cont.

Indigenous Wisdom
Key Observation Reference

“What scares me more than that, and the observation, is the effects it’s having on our resources. And this
summer is the scariest I’ve ever seen. I’m really scared of what’s happening in our ocean. The Bering Sea is the

richest sea in the entire world, or was. We are now seeing die-offs from the killer whale to the krill.
Zooplankton, you know, like the bowheads eat. Without the ice, you know, I don’t know what’s happening.
When you see even killer whale die from something out there, all the way, we’ve got Killer whale, belugas,
bearded seals or oogruks, ring seals, spotted seals, harbor seals, you know, all dying. Birds, auklets, murres,
you know, puffins, a lot of them just belly up dying. This summer as a commercial fisherman I’ve seen more
fish come belly up, floating out of our river. Normally they spawn, and then they rot trying to go upriver, and
they feed the little fish, as they, you know, when they decay and fall or sink to the bottom. The bears eat them,
everything becomes part of the food chain. But if they die and they float out into the river, then they’re not

part of the food chain. And I don’t know if that, um, is a way that God kinda controls things, you know, if we
got too much in our river, and there’s only so much oxygen, and if you got 7 million humpies out there then

naturally there’s gonna be some natural death. But this looked unnatural.”

[46]

“For the first time in all my years of fishing, at the end of the season my nets were so stinky I had to strip them,
and they’re no more good. And it scares me, with the ocean warming 10–15 degrees in Norton Sound this

summer they didn’t catch their crab. The crabbers couldn’t find them. I worry that the food chain is
tremendously impacted by climate warming. And I worry about the climate warming, but even more

worrisome is the effect of Fukushima. I studied nuclear waste. Nuclear waste lasts for thousands of years.
And, so it’s been two years maybe, so it’s got another 998 years to kill, you know, long afterward. And then

even before Fukushima up north was Chernobyl. And they just dump their nuclear waste into the ocean, as I
understand it. And that was, what? Thirty years ago. So it’s still got 970 years to kill. And it’s killing

today, yet.”

[46]

“Basically if we kill what we depend on to sustain life, then we’re basically cutting our own throat. And the
powers that be need to realize that this is not a red or yellow, black or white thing. It’s an everybody thing.

And money is not gonna be able to pay your way back to a healthy ecosystem, which we need. But, those are
my observations. No snow, no ice, the platform for our marine mammals, where they feed and raise their

young, is not there anymore, so they’re hauling out on land. Our actions are having effects on the walrus that
have to haul out on land, which makes it more dangerous.”

[46]

“For me as an Alaskan Eskimo, born and raised in Unalakleet, Alaska, I have a tremendous respect for my
land. I don’t pollute it. Same way, tremendous respect for my ocean I don’t pollute it. I clean up, and teach my

children to clean up. If you go camping, make it cleaner than when you get there.”
[46]

“The changes are happening. We see it coming, with social media and everything. In terms of climate change,
it’s happening and it’s happening really fast. And it’s accelerated. It’s accelerated to the point where we had
no longer have the ice to keep the people out of our Bering Sea. The super tanker ships that are going through
our northwest passage. Before it was quiet, there was no noise pollution. There was no wastewater, gray water

pollution, there was no oil being dumped. But with this global warming and the climate change, our
northwest passage is open. Which opens up another avenue of pollution, another avenue of disruption to the

habitat that we, our resources depend on, and we depend on these resources.”

[46]

“Things have changed. You have to go far. We don’t get walrus anymore, at all. Zero. That’s been gone for
many years. When I first came here in the late 70s people used to hunt walrus and eat walrus, but it’s no

longer available cause there’s no more ice.”
[40]

“It’s crazy how we’re losing so much. Even the river’s changing. The river is changing, eroding, so much that
it’s changed, it’s changing its path it’s like it’s alive, you know. And then the coast, the erosion is so huge. And
then we have, if you fly over and you land towards the village you can see these huge craters, and they look

very bizarre. All along north and south, just melting of permafrost and just, it’s very ugly and it’s kinda
dangerous for, like, berry pickers. Yeah. A lot of mammoth tusk being exposed. (laughs) Very weird.

It’s very bizarre.”

[40]

3.3. “Children’s Voices”

Listening to the voices of the youth of a community provides an important perspective
on the present and future and what it means for them to experience and adapt to the
present changes. Mustonen and Mustonen [19] collected a range of oral histories from
the youth of the early 2000s. In these materials, the presence of communal distribution of
catches and the presence of a number of cultural practices, such as feeding the seal salt
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water after a hunt, are still prominent. Young boys recounted harvesting beluga whale
with nets and the knowledge to cut the whale using Indigenous patterns.

Between 2008 and 2018, the school of Unalakleet and two schools in the Eurasian
North, Selkie in Finland and Norya in Udmurtia, Russia, initiated a traditional knowledge
education programme and exchanges. This revitalisation of educational and cultural
aspects has included activities on the land, weather observation and prediction, painting
and dancing, to name some examples.

In 2015, the children in Unalakleet school created animated stories about a “School
of Dreams” (Available online: http://www.snowchange.org/2015/02/school-of-dreams-
produced-animations-and-a-look-to-the-future-in-urals-bering-straight-and-boreal-finland/)
(accessed on 14 February 2015). The topics of the animations were focused around a faith in a
technological future, including Antigravity, Flying Books, Jet Pack, Robot Girl, Time Traveller
and Village in a School [55].

In 2019, the third grade class in the Unalakleet school shared their visions of the future
of Unalakleet through a painting exercise (Available online: http://www.snowchange.org/
2020/02/children-of-unalakleet-alaska-paint-their-future-2020/) (accessed on 14 February
2020). Themes in the paintings incorporated aspects of observed climate change and
adaptations, as well as village changes and desires. For example, students painted other
families moving to the hills above town, a rising ocean, snow, warming temperatures, more
trees in town, a water park and airplanes.

3.4. Science Results

Information from western scientific methods indicate that the Arctic is undergoing a
period of unprecedented change [56]. It is well established in the scientific literature that
greenhouse gas emissions from the industrialized world and land use changes are causing
far-reaching and accelerating change to the climate and ecosystems of the Circumpolar
north. Temperature increases across Alaska vary greatly by season and location, with the
fall and winter periods in the western and northern regions of the state experiencing the
greatest temperature increase [57–59]. Figure 3 shows the trend in annual average surface
air temperature at Unalakleet for the available record, from 1950 to 2019 ([60]; NOAA NCEI
ISD dataset as described in [61]). There has been an approximately 2 ◦C change in the annual
average surface air temperature in Unalakleet since 1950, based on a least-squares linear fit.

 

Figure 3. Annual surface temperature trends at Unalakleet, AK, 1950–2019. Grey bars are an-
nual mean atmospheric temperature anomalies at Unalakleet, AK, calculated relative to a base
period 1961–1990. Air temperature data are from a meteorological station at Unalakleet, from the
NOAA National Center for Environmental Information (NCEI) Integrated Surface Database (ISD),
a quality-controlled global repository of surface meteorological observations from governmental
and meteorological organizations worldwide [61]. The data were accessed through the IMIQ Data
Portal [60]. The red line is a 10 year moving average.
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Seasonal sea ice in the Bering Sea is crucial for coastal communities, marine and
terrestrial ecosystems and regional climate. The annual variation in sea ice extent between
1850 and 2020 in the Bering Sea is shown in Figure 4. The winters of 2017–2018 and
2018–2019 represent an unprecedented deviation from the over 160 year record of sea
ice extent in the Bering Sea. The record low sea ice extent observed in the Bering Sea
during these recent winters is an integral part of the massive ecosystem shifts underway
in this region due to the importance of sea ice as a control on ocean temperature and
by initiating primary production in spring through the provision of algae that forms
under the ice in winter [62–64]. The conditions that contributed to ice loss during these
years include unusually warm southerly winds during the winters that caused substantial
ice retreat, delayed ice arrival in the Northern Bering Sea due to late freeze-up of the
southern Chukchi Sea in 2017 and 2018 and warm ocean temperatures [65]. Work by
Thoman et al. [66] indicates that the 2018 extreme low sea ice extent in the Bering Sea may
become the mean level by the 2040s.

Typically, shore-fast sea ice in Norton Sound dampens the impact of late fall and
winter storms. The lack of sea ice combined with winter storms during the 2017–2018 and
2018–2019 winters resulted in coastline erosion, infrastructure damages and unprecedented
winter flooding events in villages along the northern and western coasts of Alaska, includ-
ing Unalakleet [59,67,68]. In other regions of coastal Northern Alaska, the lengthening sea
ice free season is resulting in an extended fall storm season with more destructive waves
and damage later in the year, including increased flooding and erosion [69].

 
Figure 4. Annual cycle of Bering Sea Ice Extent 1850–2020. Dark grey lines indicate data from the
Historical Sea Ice Atlas, 1850–2007 [70]. Light grey (2007–2015), yellow (winter 2016–2017), light
orange (winter 2017–2018), dark orange (winter 2018–2019), red (winter 2019–2020) and purple
(through Dec 2020) lines indicate NSIDC MASIE-NH sea ice extent data (https://doi.org/10.7265/
N5GT5K3K) (accessed on 14 February 2015). The [70] data provide the Bering Sea ice extent value on
the 15th of each month, whereas the NSIDC MASIE-NH data provide a daily sea ice extent value.

Summer sea surface temperatures along Alaska’s west coast were 2.5 to 6 ◦C warmer
than average during the summer of 2019 [58]. Historically, the thermal barrier that existed
between the southeastern region of the Bering Sea and the Northern Bering Sea was an
important division between the linked but separate ecosystems in these regions [64,71].
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The location and extent of the “cold pool” (water temperature less than 2 ◦C) at the ocean
bottom is primarily determined by the southern extent of sea ice during the preceding year
and its melt-out date. This cold pool is a critical aspect of the ecosystem of the Northern
Bering Sea, as it provides habitat and refuge for cold-tolerant species such as Arctic cod
(Boreogadus saida) [72,73] and acts as a barrier for adult subarctic fishes such as walleye
pollock (Gadus chalcogrammus) and Pacific cod (Gadus macrocephalus) [74,75].

The extent of the cold pool was substantially reduced in the summers of 2017–2019,
and temperatures in the Northern Bering Sea near the seafloor have been above 0 ◦C in
general for an increasing amount of time [64]. The loss of sea ice, lack of thermal barrier
and warm ocean and atmospheric temperatures have triggered massive ecological shifts
2017–2019. Increases in Pacific cod, walleye pollock, and several flatfish species were
observed in the Northern Bering Sea [76]. Work by Thorson et al. [72] demonstrates a
northern shift and reduced area of the Arctic community assemblage (which includes
Arctic cod and other species) between 2010 and 2018. Genetic analyses indicate that the
increase observed in Pacific cod biomass in the Northern Bering Sea in 2017 was a result of
northward migration from their historical range in the Southeastern Bering Sea during the
anomalously warm summer conditions [77].

In addition to fish community assemblage and species range shifts as described
above, ecosystem changes have reverberated elsewhere throughout land, ocean and air.
Harmful algal species that are responsible for toxic algal blooms are expanding in the
Arctic alongside warming ocean conditions [78,79]. Seabird surveys and monitoring
demonstrated low seabird abundances at sea and low reproductive success, partially due
to low forage fish abundance [63]. An increase in seabird die-off events in 2018 in the
Northern Bering and Chukchi Seas continued through summer of 2019, with preliminary
studies indicating starvation as the likely cause of death [80,81]. In 2019, NOAA declared
an UME for three of the four Alaskan ice seal species in the Bering and Chukchi Seas
(bearded (Erignathus barbatus), ringed (Pusa hispida) and spotted (Phoca largha) seals were
affected; ribbon seals (Histriophoca fasciata) were not) [82].

3.4.1. Pacific Salmon

Pacific salmon species are experiencing various changes across Alaska. To the south,
climate change and habitat loss threaten their distribution. While in the north, a warming
Arctic has provided opportunity for range expansion of some species [83]. In the Norton
Sound region, the size of chum salmon has been declining steadily since 2000, potentially
impacted by factors such as a warming climate, changing ocean ecosystem and fisheries-
induced evolution [84]. Juvenile pink salmon, measured as catch per unit effort during
trawl surveys in the Northern Bering Sea, increased markedly in 2017 [64].

A major event was the high atmospheric and water temperatures in July 2019, which
is the likely cause of a large death event in pre-spawned pink salmon in multiple river
systems in the Norton Sound Region [31,85]. This event is of great concern for salmon
species in the region, as the observed high temperatures are likely to become more frequent
under future climate change.

3.4.2. Caribou

Specific to Northwest Alaska, Burch [16,23] outlines the existence of the now-disappeared
Nulato Hills caribou herd (NHCH) that partly overlaps with today’s Western Arctic Herd
(WAH; November to March overlap); there might have been seven specific herds before
the 1800s in Northwest Alaska. Burch [23] says that after the population crash of the 1800s,
only the WAH and Porcupine herds remained, with the NHCH disappearing by 1900. A
herd can be identified based on their calving area. Burch [23], by documenting the changes
on caribou in 1850–2000, identifies the dynamics of fluctuation and says that the key driver
of the territorial dispersal is the size of the herd, with the calving area as the center of
dispersal (see the seasonal herd dynamics in [23] and Figure 5).
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Figure 5. Seasonal ranges of the Western Arctic caribou herd (WAH).

The WAH calves in the Utuktok highlands [50,51]. According to scientists, the
herd fluctuates on a decadal scale. Burch [23] (p. 67) says that the herd was at around
400,000–500,000 in 1840–1860; in his words, “immense herds” occupied and passed Un-
alakleet in 1867. There was a recent low of 75,000 animals in 1976 which then rebounded
to the present 259,000 (peaking at 463,000 in 1996 and 493,000 in 2003, [50,51]). This also
indicates that Unalakleet is at the southern edge of the herd, meaning a loss of caribou near
the community if numbers go down ([23,50,51] see also continued and critical assessment
of this model in [38,39]). Across their circumpolar range, caribou and reindeer herds have
declined in response to factors related to climate warming and anthropogenic landscape
changes [86,87].

The mixing of reindeer and caribou in the earlier parts of the 1900s was also a cause of
changes [23]. Caribou behaviour has been puzzling both to local Iñupiaq reindeer herders
and scientists in trying to determine why the WAH caribou use the Seward peninsula
irregularly [51]. The author of [54] points to the knowledge that the loss of caribou cascades
in the community, including lack of intergenerational knowledge sharing.

4. Discussion: Positioning Indigenous Knowledge and Wisdom with Science
from Unalakleet

Western science demonstrates the main drivers of climate change to be the burning of
fossil fuels by industrialized societies and land use changes [88]. Indigenous knowledge
from community voices takes this understanding a step further: the messages of the
changing ocean, lands and waters of Unalakleet are understood to be caused by greed
and the industrial (mis) use of resources, especially oil and gas [19,49]. This link has been
established by individuals [29,32,46] as well as numerous community participants [19,49].

The impacts of climate change have accelerated, especially the Bering Sea warming
that is reflected in the lack of sea ice, health and numbers of animals and other key indicators
of a sub-Arctic ecosystem that is now suffering from the lack of its key components. These
processes manifest both in western science and Indigenous knowledge materials (Table 5).
We recognize that the understanding of the “why” and “how” of climate change is not the
same across all coastal communities in Alaska.
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Table 5. Summarizing Indigenous knowledge and western science related to changes in the two keystone species and
observed weather.

Keystone Species Indigenous Knowledge Summary Western Science Summary

Pacific Salmon

Major losses in salmon from 1983 to
2002–2007; high summer temperatures in

July 2019 led to mass death event in
pre-spawn pink salmon. Impacts from

industrial harvests.

High summer temperatures in July
2019 led to mass death event in

pre-spawn pink salmon.

Caribou Caribou have declined and moved
further from the village since early 2000s.

WAH has declined; at least in part due to
impacts of climate change and

anthropogenic landscape changes.

Weather Patterns Indigenous Knowledge Summary Western Science Summary

Snow amounts have changed a lot and
increased storms. Break up and freeze up

of ocean and river are very different.
Coastal erosion is intensified. Algal

blooms out in the ocean. Less sea ice,
major storms in recent years. Death

events in marine mammals and seabirds
and salmon.

Increased temperatures. Increased
storms, flooding events and coastal

erosion. Sea ice drastically reduced in
recent years, with cascading effects

throughout marine ecosystem, including
harmful algal blooms and seabird and

marine mammal deaths.

Hykes-Steere [29] (on her criticism of the corporation models and see also [44]) says
that a central value for the Iñupiaq traditional society was to shy away from greed. One
of the remedies for the misuse and overuse of natural resources, therefore, might be to
re-establish an Iñupiaq-based value and management system of the traditional kind that
would mind the limits and value of these resources (see also [16]). Weaver Ivanoff already
identified in the 1980s how the new layers of government were complex in terms of the
relationship to the traditional governance of Unalakleet (in [44] p. 149).

Pointing towards this direction, Hykes-Steere [29] (p. 384) recounts her grandmother’s
words stressing that each person is born with “gifts”. This points to the presence of an
Indigenous sense of the cosmos and the world still relatively in place in the early 1900s.
Later the grandmother, reflecting on her life experiences of the tumultuous 20th century,
had said: “I was born free. I won’t die free. What happened to us?” ([29] p. 384).

5. Conclusions

By tracing the histories of Unalakleet, we have observed a place that has been continu-
ously inhabited at least for thousands of years. There have been waves of abandonment
such as the epidemics of the 1800s [24,28]. The area used for trading and settlement has
welcomed many Indigenous Nations in the past, including the “original” Yupiaq Unalig-
miut and “northern” Iñupiaq as well as other Yupiaq and Athabascans before the European
settlement. The people had Indigenous self-governance and customary justice system of
their lands, including royalty [27].

A tumultuous era starting in the 1830s introduced small-pox and other epidemics to
the Unaligmiut and other peoples of the region, resulting in what Napoleon [15] has called
the “Great Death”. The impact over generations of this massive tragedy has only in recent
decades been discovered, as observed from within the cultures [15]. The disruption of
endemic, Indigenous governance and sheer loss of populations allowed the United States
to settle Alaska in a speedy manner, following the early Russian influence.

A central driver for the settlement of land rights was the desire at the US Federal
level to secure Alaska oil and gas for industrial uses. Western science and Indigenous
knowledge shared from the Norton Sound region agree that the burning of such fossil fuels
is the root cause of climate change and, thus, the present-day collapse of animal, fish and
bird populations as well as the major changes on land and out at sea.
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This has led many of the Unalakleet knowledge holders to question whether survival
is possible [19] at all in the worsening conditions and the present-day economic model,
which has brought short term gains to some in the village but has fundamentally altered
what has been known as the “community-based culture of Unalakleet” [29].

Martha Itta from Nuiqsut, further north in Alaska, expresses a similar view and is
currently involved in a divestment process for her community in order to get away from
the oil production and dependency [89]. Jerry Ivanoff [46] produced the following overall
assessment: “When I was a little boy, we were the power that was. My community, as a tribe, we
controlled what we did in our village, in our tribal area . . . . What happened to us, you know? We
owned everything from zero to 200 miles and all the land that we can run around in our tribal area,
our tribal jurisdiction. And if you cross my land, and you’re a [ . . . ] Indian then we killed them.
Or if we crossed their land and we were Eskimo on their land they killed us, you know. It was just
territorial, tribal and Nation, not for money. But for resources, hunting on my land . . . .They didn’t
even know what we were doing you know, in terms of land ownership. We owned it all. In terms of
the river and the rights to all the resources around it. If we took care of it, it was all ours, you know.
Everything in our river valley was ours. If you go into our river system today, it’s all clean, clear
and cold. It’s pristine.”

At the same time, the community members are determined to thrive and adapt, as
Donna Erickson [40] summarized: “Despite all the climate changes, we move and change with
the climate changes, try to adapt.” At the community level, a number of actions have been
taken in Unalakleet to address climate change impacts, including those described in this
article and in Aronson [45].

Hykes-Steere [29] provides a number of drastic measures as answers. She outlines
a pathway to Indigenous re-territorialisation and a vehicle for survival under climate
change [15]. According to her [29] (p. 392), Alaska should be formally listed as a territory
under the United Nations. This would open the door to a future decolonisation process.
According to her analysis, the Alaska Native Claims Settlement Act of 1971 is a unilateral
Act and does not extinguish the prior existing claims of the Indigenous Alaskans.

Berger [44] is in alignment and calls for self-determination and the advancement of
the Tribal governments of Alaska as a vehicle to correct the perceived mistakes of ANCSA.
Napoleon [15] outlines the pathway for the social transformation of the Alaska Indigenous
societies. According to him, a positive path for the future can be secured if the past “Great
Death” is finally acknowledged. Then, the pathologies and the enduring cross-generational
impacts and social ills should be reflected on as the reason for them is finally clear. Then,
Napoleon [15] concludes that the Indigenous Alaskans can go on having undergone a
decolonial self-reflection and acknowledgement for the past to build a new future; this
time on their own terms.

Combined with a decolonisation process at the legal-political level, Hykes-Steere [29]
points to allowing the climate change drivers to be addressed according to Iñupiaq values
and knowledge, resulting in a new pathway of survival. This view is also reflected in
a statement by Ivanoff [32]: “Though the Earth changes, it is still giving. Providing.
Nurturing. Inuqtaq [a small boy in 2018] will still learn respect for what gives life. I hope
the rest of the world quickly adapts and also respects the Earth–as we have for millenniums
and will continue to do so” [32].
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Abstract: This paper reviews oral histories and established scientific materials regarding wild
reindeer (Rangifer tarandus spp.) in the Southern Sakha-Yakutia, in the Neriungri district and
surrounding highlands, river valleys and taiga forest ecosystems. Wild reindeer is seen as an
ecological and cultural keystone species through which environmental and social changes can be
understood and interpreted. Oral histories of Evenki regarding wild reindeer have been documented
in the community of Iyengra between 2005 and 2020. During this 15-year-co-researchership the
Southern Sakha-Yakutian area has undergone rapid industrial development affecting the forest and
aquatic ecosystems. The wild reindeer lost habitats and dwindles in numbers. We demonstrate
that the loss of the wild reindeer is not only a loss of biodiversity, but also of cultural and linguistic
diversity as well as food security. Our interpretative and analytical frame is that of emplacement.
Socio-ecological systems have the potential and capacity to reconnect and re-establish themselves
in post-extractive landscapes, if three main conditions are met. These conditions for successful
emplacement include (1) surviving natural core areas, (2) links to cultural landscape knowledge and
(3) an agency to renew endemic links.

Keywords: Siberia; rewilding; Evenki; Sakha-Yakutia; Rangifer

1. Introduction

Evenki live over a vast geographical range in East Siberia, Far East of Russia, Northern
China and Mongolia [1–3]. Wure’ertu [4] provides us with an Evenki-authored view of the
distant past and the deep memories the Evenki have over large spatial scales, essentially
spanning the continent. Yet, each region and community has a unique heritage of the
Evenki culture [1,2,5].

It is estimated that the entire Evenki community has approximately 36,000 members
today, and ca. 7000 speak the language. Traditional livelihoods have revolved around
nomadic reindeer herding, hunting and fishing [6]. There is also an Evenki community in
China. This research focuses on the Evenki community of Iyengra and the surrounding
taiga camps, in the Southern Sakha-Yakutia (spelling also for example Iakutia).

Collaborations and co-researcher -ship have emerged in the past 10 years in different
parts of the Evenkia (here referring to the larger Evenki home realm, see more of this
concept for example in [7] and other parts in [8]), where reindeer herders and women from
the taiga camps have been positioned as equal partners in research. This structure has been
in place in our long-term research from the very beginning. The emergence of the Evenki
landscape studies [9–11] have offered similar approaches in research. More precisely,
the people in the community shared their oral histories over the past years to form an
oral history corpus. Individual contributors own their knowledge and are acknowledged
by name unless they have requested anonymity. Two of the authors of this article are
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Indigenous (Evenki and Yukaghir) and have led the research effort in the community and
in the republic for 15 years.

Our case community, the Evenki of Iyengra, has faced a continuous, though varying
over time, pressure of displacement since the days of the first encounters with Russians
in the early 17th century, including forced settlements in the 1920s. We summarize these
community changes briefly below and throughout the article but our primary focus is on
wild reindeer as a keystone indicator of change.

One of the first encounters with Russians took place in 1619 when Petr Albychev and
Cherkas Rukin enslaved Evenki nobility Iltik. Since this event 400 years ago, the Evenki
have interacted with the Indo-European peoples. Prior to contact with Russians the Evenki
had met with the Sakha (Yakut) people, with whom the relationship had ranged from
trade to war. During those days, the Evenki were also aware of and had connections to a
range of Siberian nations, such as the Chukchi, Even and Yukaghirs [12]. For example the
place names surrounding Iyengra reflect in part the meshed landscape and influence of the
Sakha on the Evenki homeland [6].

Neriungri, the regional district where Iyengra is located, is a southern region of the
Republic Sakha-Yakutia in the Russian Federation, located close to the Chinese border. The
population of the district is about 75,000, most of it being urban. Neriungri, the capital
city, is also the centre for coal-mining operations. The district produces up to 75% of the
10 million tons of coal that is produced in Sakha annually [12–14].

Southern Sakha-Yakutia is part of the continental climatic zone. Siberian larch, other
coniferous trees and birch cover much of the taiga. The village of Iyengra is located in the
southern part of the Sakha. Mountains and large hills dominate the landscape, combined
with shallow rivers flowing in the valleys. For example, the Aldan catchment area, a
subcatchment of Lena River, flows through the district. Winters are usually very cold with
small amounts of snowfall. Temperatures can plummet down to −50 ◦C and below.

Springtime is often short with snowmelt already well under way in April. Summers
are continental and hot. Autumn brings the first frosts, often in September or October. In
addition to terrestrial hunting and herding economies, fishing for salmonid fish such as
trout, grayling and whitefish is important. This is reflected in many Evenki place names
around Iyengra [6,15]. They play an important role in the traditional food security of the
community. Evenki have used these salmonid fish as cultural bioindicators to assess the
degradation of river health and change over time [6,16]. They also place significant cultural
value especially to local trout as a culturally relevant species.

Under the Soviet regime and during the post-Soviet years, the Evenki lands and waters
became a target of expansive industrial operations [14,17,18]. Mining for coal and gold,
hydropower construction, energy pipelines [19] and many other infrastructure projects
mark the landscape [14]. This expansion widely and thoroughly altered the post-Ice Age
landscapes of the southern Sakha-Yakutia. During Soviet times, most of the Evenki in
the area were officially relocated into the village of Iyengra, which was founded on the
catchment area of the river of the same name in 1926, along the traditional nomadic routes
of the Evenki [6].

According to the 2018 census (which is the most recent in public records), the popu-
lation of Iyengra is 918, of which the majority (over 800) is Evenki. Some of the Iyengra
Evenki spend most of the year on the taiga but are registered in the village (Other hunter-
herders, like Kolesov, shared their oral histories with willingness and consent to be named.
If this has been the case, we have quoted a person direct with names.). Other nationali-
ties in the village include for example Even, Karelian, Russian and Sakha-Yakut peoples.
Evenki children go to school in Iyengra, which functions as a residential school where the
children of the reindeer herders spend the winter season while their parents are working
in the taiga.

We, the authors of this paper, have been working in the community to document and
co-research Evenki knowledge between 2005–2020. The original invitation to work with
the Evenki of Iyengra originated amongst Evenki scholars and leaders in Yakutsk. The
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original group was led by Evenki Galina Varlamova, Evenki Tamara Andreeva, Evenki
Anna Myreeva and Yukaghir Vyacheslav Shadrin. The aim was to seek new collaborations
to strengthen Indigenous knowledge preservation, document climate and ecological obser-
vations in the village and surrounding taiga forest ecosystems and to position the rapid
development plans for the region into a broader context of the Evenki culture, way of life,
food security and traditional professions.

In the present paper, we focus on available science and Indigenous Evenki knowledge
of the wild forest reindeer (Rangifer tarandus Linneaus, 1758, Krivoshapkin and Mor-
dosov [20] name the southern reindeer to be Rangifer tarandus valentinae Flerov, 1933 and
speculate further that the southern herds would be actually close to the Ohota subspecies
R. tarandus phylarchus Hollister, 1912 [21] in Southern Sakha-Yakutia).

Reindeers are overall central to the Evenki in terms of food security, cultural and
linguistic knowledge, beliefs and to the maintaining of social order, justice and knowledge
of nature across the Evenki living space [5,22–24]. Vorob’ev [24] (p. 34) quotes G.M.
Vasilevich, a specialist in Evenki language and culture, sharing “that the Evenki considered
that moose and (wild rein)deer were sent by a spirit—the master of the taiga: The ancient
belief in their resurrection survived for a long time. After processing the meat and hides,
hunters were supposed to collect all the bones of the skeleton and to rest them on a platform
[gulik], so that dogs could not drag them away”.

According to Vorob’ev [24] in Krasnoyarskii krai the northern wild reindeer is known
as as severnyi dikii olen. The word dikovka is derived from dikii, Russian for “wild.”
Vorob’ev [24] (p. 36) continues that the “seasonal hunt for migrating northern wild deer
called dikovka, as in most regions of Siberia, underscoring the distinction between the north-
ern wild deer and its domesticated cousin. The wild deer hunters are called dikovshchiki.”
Shubin [24] (p. 34) reports that in Buryatia the meat and appreciation of wild reindeer meat
as food comes behind for example moose, even though overall wild reindeer are important
to the culture.

Overall there are at least 71 distinct endemic concepts for the reindeer, domestic
and wild (same biological animal, different stocks and uses for the Evenki) [25]. When
accounting for dialects and synonyms, this equates to hundreds of specific reindeer-related
concepts. The language differentiates the animals according to age characteristics, fur color,
as well as their character and behavior. To offer some examples:

• “sonnga” = newborn calf
• “ukoto” = nursing calf
• “epchakan” = female reindeer, one to two years old
• “ektana” = bull reindeer, two to three years old
• “semeki” = female reindeer that does not let people approach it during calving
• “arkichan” = old riding (on saddle) reindeer
• “kongnomo”, “kongnorin” = black color and fur color of reindeer
• “igdiama”, “igdyama” = ginger fur color
• “kurbuki” = reindeer that has become wild
• “sungnaki” = restless reindeer (summarized from [26])

Specifically for wild reindeer, people in the oral history materials pointed for example
to kuraika, which can be translated as ‘autumn male wild reindeer’. Accordingly ne
cheng is the ‘spring wild reindeer’ (see discussion in [10] on tensions between ‘official
transliterations’ and vernacular spelling of Evenki).

Given the vast industrial developments, infrastructure process and mining in the
Southern Sakha-Yakutia space, the wild reindeer are disappearing and losing their ancestral
ranges [20]. We explore the key implications, observations and ultimately, solutions, to
these negative drivers.

Several earlier summary reports and publications have been released from this on-going
knowledge documentation and Indigenous knowledge work (see for example [6,27–29]).

The Evenki have been studied at length over the past years, with a primary focus on
their belonging to the taiga forest ecosystem [7,9,10,15,22,24,30–32]. Already during the
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historic, and later Soviet times, the Evenki were a target of anthropological and geograph-
ical interest, with ‘classical’ desciptions of their lives, human societies and ways of life
documented. During the Russian and Soviet era, the Evenki were targets of scrutiny and
ethnographic investigations that have provided an outsider view of the transitions and
changes of the Evenki societies across their vast home area.

Authors such as Arkadii Anisimov, Sergei Shirokoroff, Anna Sirina and perhaps most
importantly, Glafira Vasilevich [e.g., see English summaries in [9,24], researched the Evenki
customs and lifeways from the late 1800s to the mid- and late-1900s. Evenki Alexander
Sergeevich Shubin (born in 1929, see collections of works in [23]) from the Khabarzhan
area of the Barguzinsky region produced a large collection of Buryat Evenki histories and
change during the Soviet era. He has written (during Soviet times and being affected by
them, see [5,22,23] from an ‘(Soviet) internal viewpoint on the Evenki historic development
and cultural issues, in some ways, much like Varlamova [1].

Emerging from the 1990s, the concept of Indigenous communities of Northern Russia
being in a position of co-interpreting and researching with outside scholars started to gain
a foothold (for notions of inherent, endemic knowledge of a situated heritage, see [27], and
for the persistence of the ‘Evenki as other’ see [33]). For example Safonova and Sántha [34]
have reviewed the ‘classical’ intepretation of ‘hunter gatherer Evenki’ and advanced a more
broad interpretation. We follow such overall positioning in our present work and have also
included the voices of the Evenki academic scholars, such as the late Galina Varlamova [1],
Wure’ertu [4] and Anna Myreeva [25], as well as our Evenki co-researcher Tamara Andreeva
in Yakutsk. Overall, we use this co-interpretation (see below) and ‘novel research space’ in
our approach of emplacement of the Evenki, described in more detail below.

The empirical section of the article begins with a description of the traditional concepts,
cosmological narratives and aspects of the Evenki and thereafter focuses on the wild
reindeer and change in the community over our review period.

2. Materials and Methods

We frame our article on two theoretical understandings. Following Montonen [35]
and in part from Vorob’ev [24], we build our case around the understanding that the wild
forest reindeer (Rangifer) for the Evenki is a cultural keystone species [26]. Montonen [35]
demonstrated in the case of the Sámi and Finnish wilderness communities that the wild
forest reindeer maintained the land uses, oral histories, traditional songs, hunting patterns
and food security of several forest communities until it was over harvested and the stocks
collapsed in NE and Eastern Finland, early 1900s and in 1928, respectively.

This sped up, according to Montonen [35], the erosion of traditional knowledge.
The practise and the time-consuming actions of hunting wild reindeer in the forest fell
out of use, either then replaced by other activities or species, such as increased hunting
pressure on moose, or a switch to larger scale reindeer herding. More recent scholarship,
such as Frainier et al. [26] agrees, and emphasizes the triangulation between Indigenous
knowledge, linguistic and biological diversity on which the people depend.

Second, as we explore the potential for maintaining and fostering the return of wild
forest reindeer into the Southern Sakha-Yakutia we draw on Mustonen and Lehtinen [36].
They argue that whilst modernity and associated natural resources extraction has altered,
often permanently, natural systems, they contain elements of a renewed emplacement
despite the damages.

They [36] investigated how community emplacement functions. Here we can summa-
rize that it is an emerging spatial understanding of severed, preserved and reconnected
belongings to a place. We wish to offer a renewed emplacement approach as a mecha-
nism to understand the complex reality (and potential future pathways) of the present-
day Evenki life in Iyengra. More precisely, investigations of emplacement require the
following components:
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• some remaining natural ecosystems having enough carrying capacity and produc-
tion that nature-based traditional livelihoods have maintained “core” areas, despite
extractive / altered impacts from human uses

• a traditional knowledge corpus of a cultural engagement with a landscape of former but
recent (often discontinued or abandoned) practices that is still within community’s reach

• a concentrated willingness and actionable process to maintain, and where emplace-
ment allows, revitalize nature-based livelihoods, cultural practices and specific en-
gagements with the surround ecosystems (summarized from [36], with elements of
scaling the loss from [24]).

We need to be clear also that if industrial and extractive land uses have created
conditions where emplacement does not meet these three criteria, evident and permanent
loss may happen. Emplacement is not an automatic solution space or to be taken for
granted. It is a concentrated, combined effort of emerging and surviving potential of socio-
ecological systems combined with a determined agency [37] that is willing to implement
and position emplacement as a realistic potential future pathway.

We recognize the important descriptive and interpretative early works building on
Russian and Soviet ethnography (Arkadii Anisimov, Sergei Shirokoroff, Anna Sirina, Glafira
Vasilevich and others). We also acknowledge the present ethnographical works that have
partnered with the Evenki to understand change, continuity and loss [7,9,10,15,24,30,31]
and identities [32] and provide valuable descriptions and precise documentation of the
Post-Soviet years.

Our emplacement conversation builds to conceptualize a ‘third way’ in the science-
Indigenous nexus, where the Indigenous peoples self-articulate and co-produce the situ-
ational analysis and potential solution spaces. In order to realize Indigenous rights and
authorship, we also have to critically self-reflect on the established academic practices
and the othering that has been one of the underlying drivers of Russian and Siberian
ethnography [38].

In our understanding emplacement offers a situated, post-colonial and localized
assessment of a post-industrial situation [36] where the empirical situation ‘as-it-unveils’
provides the best window to the issues. This has also implications to the future of the
Arctic and Indigenous studies and how we understand change, belonging, memory and
landscape studies.

In the context of Iyengra, we frame this work to build on the fact that the Indigenous
forest lifestyles and presence have continued across and in the middle of the industrial
developments [14]. For example, continued fish harvests and reindeer herding demonstrate
a range of qualities and adaptations to the ecological alterations that do produce cultural
continuums even if in the middle of industrial upheaval [14].

We can see these examples constitute endemic (self-defined, self-articulated) acts of
emplacement [27,36]. This rests on tensions between preserved traditional lifeways of the
taiga and the impacts of industrialization. They constitute also acts of co-intepretation.
This emerges in oral histories and choices of narration Evenki themselves priorize—overall
in our study period with the community members the fate of wild reindeer as a overall
theme and the specific drivers was raised and resulted in the analytical frame of this article.

Co-interpretation comes in many forms, one of the most central being agency [37].
It allows outside researchers to refine their view and on the other hand addresses the
power relations in scholarship where the local/community/knowledge holders have an
even space for their priorities as opposed to outside, prior and set expectations in research.
Huntington et al. [37] value the inherent value of community choice, knowledge and
interpretation as unique—providing a tension line between general and specific. In this
research we address this tension by allowing the co-intepretation to flow from the oral
history corpus which is then further reflected on by T.A., Evenki co-author to maximize
the voices and knowledge of the Evenki as they see it. All interpretation is always an
interpretation. However, as Huntington et al. [37] show, co-intepretation advances the
scholarly process in marked ways and it is applied here with rigor.
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Traditional skills do not necessarily disappear during industrial modernization. In-
stead, in certain encouraging conditions, they can re-emerge and pave routes to endemic
futures. In the conclusions we discuss these aspects of potentials of preservation of wild
reindeer stocks (and connection to Evenki) in Southern Sakha-Yakutia.

As a culturally-positioned solution we refer to such an (future) act of emplacement as
nimat. Nimat refers to a process, ceremony and distribution system by which successful
hunters share their wild reindeer catches amongst the Evenki community [1]. The purpose
of this distribution of assets is linked with community cohesion and food security—those
who cannot hunt, i.e., the women, Elderly, children, are also given food by the providers.
In nimat, wild reindeer provides for the Evenki.

We can see the forest ecosystem services culminating in nimat for the Evenki—what
is taken, is shared, and overharvesting is strictly observed and forbidden. McNeil [2]
highlights the role of the revival-focused concepts amongst the Evenki. We therefore use
the concept of nimat as a concept in this vein. We following co-interpretation priorities
from the community envision rewilded Iyengra territories to be a nimat of the future—an
act of emplacement, a return and a comeback to the restored taiga and restored beings in
the forest. Whilst this may seem unrealistic at present, the situation has changed in the
recent past in a speedy manner [38].

For capturing the Indigenous knowledge of the Evenki regarding the southern stocks
of the wild reindeer, we have reviewed over 80 primary oral history files that have been
translated from Evenki or Russian (depending on the case) into English, as well as diary
entries, written statements communicated by email (especially for 2019–2020 season) from
Iyengra on the situation of the wild reindeer over the decades. Our primary focus is on
the 15 years between 2005 and 2020, but we add Indigenous knowledge of past changes
on wild reindeer where applicable, also reviewing the literature (for example on losses of
knowledge at [24]).

In 2007, a large international conference “Traditions of the North” was organised in
Iyengra to discuss the midpoint results, natural resources extraction of the region and
further cooperation points. This allowed the community members participating to hear
of the results and discoveries until 2007. Between 2012 and 2019, the materials of the oral
histories were summarised into an online Atlas (see [6]) that has been made available,
based on the wishes of our co-researchers, in Russian in January 2020 (an Evenki version
may be a future option).

The primary oral history tapes were recorded by the authors (Tero Mustonen, Kaisu
Mustonen, Tamara Andreeva), mostly in the reindeer camps around Iyengra, or in the
community itself. Consent forms were used. Anonymity was offered and respected
when requested. Some summaries and examples of the oral histories have been shared in
Mustonen [27], Lehtinen and Mustonen [28], Mustonen and Lehtinen [29] and in Evenki
Atlas [6].

The primary tapes are located in oral history archives in Yakutsk and in Finland.
Vyacheslav Shadrin led this process. Each tape was transcribed and analyzed for contents
and thematized. Evenki translations of interviews were carried out by Indigenous co-
authors Yukaghir Vyacheslav Shadrin and Tamara Andreeva, an Evenki herself. Interview
tapes exist in WMA and MP3 format in the archives.

Given the thematic focus on wild reindeer we concentrate on offering the trends
and key messages from the oral history documentation and other sources, with carefully
chosen oral history quotes where applicable for the results. These quotes were a question of
co-intepretation of needs—the losses of wild reindeer, observations and ultimately impacts
of the losses emerge strongly from the oral history corpus.

For a broader temporal-analytical frame, building on Montonen [35] and Mustonen
and Lehtinen [36] we use three conceptual-temporal themes

• baseline science on wild reindeer in general in Sakha-Yakutia
• the situation from pre-industrial era into first industrial changes until 1990 (displacement)
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• shifts from 1990s to the second wave of industrial land use 2020s (emplacement
potential emerges)

These will service as a mechanism to discover the status, trends and intertwined
impacts of the wild reindeer numbers, populations and their observed or assumed dis-
appearance. Then the fourth and the largest analytical section “Evenki knowledge of the
reindeer” highlights these implications for the Evenki (see the loss of knowledge in another
Siberian region in [24]).

3. Results

3.1. Understanding the Baseline of Wild Reindeer in Southern Sakha-Yakutia

An independent survey conducted by Argunov [39] explains that the wild reindeer
stocks in Sakha-Yakutia can be divided roughly into tundra wild reindeer (populations
of Leno-Olenok, Indigirka and Sundrun populations) and then taiga, or forest, reindeer
stocks that are often understood to consist of Western taiga, Southern Sakha and moun-
tainous taiga populations. An earlier, separate study was conducted by Krivoshapkin and
Mordosov [20]. We use these as a baseline and indicators of change in summary form from
scientific sources.

In this paper we focus, according to the categorisation of Argunov [39], on the Southern
Sakha wild reindeers and more specifically on those herds which have occupied and
continue in part to occupy the Neriungri region. We should note that despite some of the
monitoring efforts presented in this paper, the exact populations on 20 km × 20 km scales
remain still a gap, and there is a need for further research and documentation.

3.2. From Pre-Industrial Populations into the First Wave of Industrial Land Uses 1975–1990

Argunov [39] presents a fairly recent historical assessment of the herds of the wild
reindeer in the region. His results build on aerial and on-the-ground -surveys of stocks as
well as hunter inventory data from the ministerial sources in Yakutsk. The large stocks of
1960s referred to by Argunov in Krivoshapkin and Mordosov’s [20] opinion are based on
the re-organisation and liquidation of many wilderness and rural communities in the 1960s
(so-called Liquidation of Villages with no Prospects). This provided more spatial extent
and habitat to the wild reindeer.

Aerial surveys of wild reindeer in the taiga parts of Sakha-Yakutia can be summarized
in the following:

• 1960: 100,000 animals
• 1975: 57,000 animals
• 2001: 24,500 animals
• 2010: 24,500 animals (based on [39], partly complemented by [20])

Rather positively Argunov [39] presents also data from the ground monitoring which
has been re-started in 2010s and summarized below:

• 2013: 70,000 animals
• 2014: 70,000 animals
• 2015: 85,000 animals
• 2016: 63,500 animals
• Late 2010s: 85,000 animals (based on [39])

Argunov [39] says that the southern taiga herds of the wild reindeer would number
around 7900 animals. He points out the rather massive (75%) collapse in the aerial survey
numbers of the southern wild reindeer over the span of 50 years, despite the aerial and
spatial extent being rather secure.

He also points out that the southern herds have moved in the more recent 2000s
into the middle parts of the Republic and have merged with herds there—a potential
consequence of the industrial development in the south. Krivoshapkin and Mordosov [20]
mark the southern herds to number around 8000 in 2001 and they list the overall forest
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reindeer numbers to be around 12,000 animals in 2001 (significantly lower than presented
by Argunov for the same period).

This period in the lives of the Evenki was a massive transformation, and an often
forced process. The self-governance of the life in the taiga changed into a mixed, and
more controlled Soviet era, when the settlement of Iyengra was founded in 1926. Natural
ecosystems remain relatively intact until 1970s—we can also see the preservation of cultural
knowledge of wild reindeer to have survived better, given that we can assume the herds
were bigger, closer and healthier.

From 1970s onwards the advancement of several industrial actions, including the
Baikal-Amur railroad and proliferation of coal mining started to affect the Evenki nature-
based life. Many Evenki had been working with mineral exploration crews as guides. The
building of the city of Neriungri in 1975 sped up the infrastructure and road construction
in the region.

In 1991 the Evenki faced the dissolution of the state farm -based reindeer herding.
Lack of financial assets triggered what Pika [40] has called “neotraditionalism”, or the
reawakening of modes of life building on traditional taiga life. We can see this as a
first era of a renewed emplacement [36] —wild reindeer stocks also benefitted from re-
duced industrial activities. Some Evenki established obshchinas, Indigenous kin-based
community-cooperatives as a basis of private reindeer herding. For example Gonam is one
of these communities [6]. The conceptualisation of nomadic schooling also emerged from
within the freedoms of the 1990s [30].

3.3. 1990s into the Second Wave of Industrial Land Uses 2005–2020

As a whole Argunov [39] determines that the populations of the taiga wild reindeer
are rather stable on a republic-wide level. Krivoshapkin and Mordosov [20] disagree to
certain extent in those data sets where their observations overlap (until 2007). They are
concerned about the loss of numbers of animals evident in the aerial survey data and have
an estimation of 24,500 wild reindeer in all of Sakha-Yakutia. They name the main drivers
of losses as:

• wildfires and the long recovery time of lichen pastures after fires
• industrial land uses, more specifically pipelines, diamond and coal mining, oil field

developments
• forest logging
• predation by wolves

Krivoshapkin and Mordosov [20] also add to the drivers of change the expansion
of domestic reindeer herds that have overtaken pastures from the wild reindeer. Monto-
nen [35] provided similar observations from northern Finland, where he says the domestic
reindeer and wild reindeer herds tend to avoid each other.

Specifically for Neriungri region, Krivoshapkin and Mordosov [20] say that the decline
of wild reindeer has been one of the sharpest in the Republic in the 2000s (density from
0.31 individuals per 10 square kilometers in 2001 to 0.18 individuals per 10 square kilome-
ters in 2007) due to the construction of the East Siberian Oil Pipeline [14]. Argunov [39]
does not go this this level of detail. According to Krivoshapkin and Mordosov [20] this
pipeline construction has destroyed pasture lands, changed the seasonal migrations of the
reindeer and instigated direct loss of wild reindeer life (due to poaching, road kills and
better access to the forest areas).

For the Evenki, this reawakened extraction era ended many of the promises of 1990s
on Indigenous rights and freedoms. Industrial activities expanded significantly but also
divided families, clans (see more on [32] on the complex question of clans and the Evenki)
and obshchinas with some receiving financial compensations [19] and others advancing
rights-based discourses.

Others in Iyengra observed the impacts but did not either care or participate in these
public narratives. The window for enabling a renewed emplacement in various spatial
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(territorial) or social levels (obshchinas, families, and whole communities) diminished due
to the proliferation of pipelines and other extractive developments [14].

All this implied that those who had carried the practice and wisdom traditions as-
sociated with the wild reindeer and practices like nimat faced difficulties passing on the
knowledge. As Frainier et al. [26] describes, the link between biodiversity and cultural
practices is sensitive, contextualized and fragile. Mustonen [27] describes how some of
the herders tried to negotiate on the uses of the lands with gold mining crews in the
taiga, but on a landscape level, there was little the Evenki could do to even maintain the
knowledge nexus they had before. Next we explore and investigate the elements of this
nexus, especially centering on wild reindeer.

3.4. Centering the Wild Reindeer in the Knowledge Systems of the Evenki of Iyengra—Cultural,
Linguistic and Ecological Knowledge

According to Sirina [41] and for Iyengra especially, Mustonen [27] and Frainier
et al. [26] say the Evenki use their reindeer for transport, handicrafts, and food security.
Wild reindeer populations are prized as food, a source of handicrafts and game. We need
to be mindful, however, that this is not the case for all Evenki communities (see [23,41,42]),
nor has knowledge survived in all locations [24] and therefore this applies here mostly for
the context of our study region in Southern Yakutia. Lavrillier and Gabyshev [10] explore
the Evenki landscape and terrain concepts in detail, demonstrating the close proximity of
the language and landscape forms and details both for the Khabarovsk and Sakha Evenki.

Unlike many other reindeer herding peoples of Eurasia, the Evenki do not (in most
cases) eat their domestic herd animals, rather, wild reindeer is hunted and considered
to be of significance in terms of cultural and food security purposes [1,20]. Shubin [23]
demonstrated that in some regions, in this case in Buryatia, the Evenki mixed wild reindeer
stocks with domestic herds for improvements in strength and blood lines. Amongst the
oral histories presented here no direct evidence of that practice has been found in Iyengra.

Vorob’ev [24] in his study of Chirinda Evenki relations with the wild reindeer observed
also significant “erosion” and losses of cultural practices, noting the vulnerability of
customs if the hunting is no longer practiced. In Iyengra this cultural role of the wild
reindeer is still prominent especially amongst older residents, as is evident in some hunters
observing that they dream about the wild reindeer and the hunt (OR 2005).

Evenki have developed strict guidelines and Indigenous customary law systems for
their relationship with the taiga and cosmos. These include rules on how to live with
nature, how to travel on Evenki land [1,10], and how hunters should behave when they
are given certain animals [7,9,31]. (Navigation in the forest depends on the rivers as main
pathways of transport, and we can summarize the Evenki to be living with a cultural
landscape of the forest, one that they know intimately [6,10].

In 2005 Vladimir Kolesov, a reindeer herder and a hunter, explained some of the
Evenki principles on these issues:

We say: Earth mother. If we go past large rivers, we hang a piece of cloth there. Close
to the mountains we do that too. We hang a piece of cloth there. You are not allowed
to leave pieces of firewood lying around. It is not allowed to cut more wood than what
is needed. When you are someplace, for example hunting, don’t leave pieces of wood
crosswise. Everything needs to be in order. Don’t throw bones around. I make a shelter,
and all bones are put there. So that nothing is out of order. It is also because the reindeer
come and bite the bones and suffocate.

Clean and safe. To keep the reindeer from harm.

You fish only as much as you need. If the next day you need more, you go fishing
again then.

If no one would buy the sable skins, it would not be hunted as much. If you need a hat, it
is only then you’re allowed to hunt. If there was no need, it would not be killed. This goes
for all of the animals I think.
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And trees too. If you need wood for sleds, then you take but otherwise no. If there is no
need, nothing will be cut.

(as quoted in [27])

Galina I. Varlamova, or “Keptuke” as she is known to the Evenki, was a daughter of
a spiritual leader (in the cultural context, a shaman). Some consider her to have been a
shaman herself. Unfortunately, she passed from this world in 2019. All of her life she wrote
and researched as well as practised the Evenki traditions related to nature. According to
her [1], the functioning principles of Evenki civilization are based on enforcing the moral
system of what the Evenki call Ity through odjo: a set of principles of taboos and rules of
human behaviour:

In every part of life, be it material or cultural, there are reflections of relationship
between the Evenki and nature. This relationship that was formed and reformed across
centuries was a basis for general understanding for justice, traditions and moral guidelines.
These are reflected in the system for ecological law, Ity. They are also reflected in the
prohibition-taboos, named Odjo. Evenki oral tradition is not just folklore and traditional
poetry but includes many other cultural texts that offer teachings for life in nature and in
social family and tribal system. Traditions, fixed rituals and ancient rites that have survived
to this time have all been subordinate to experience of living in nature, which is Evenki
homeland and Buga—Mother god. Evenki place nature at the highest level [43].

These rules and human lives operate in the universe of Buga, or God, Galina Varlamova
explained further (see a larger treatment of her synthesis of the Evenki beliefs in English
in [1]). See Sirina [24], [41] and [44] for similar cultural and ethical codes in different parts
of the Evenki home area. According to [1] the most important role and significance in the
Evenki universe is placed in nature. Evenki see nature as the highest god, Buga. Everything
is created by Buga/nature.

Already in the 1990s, Anatoli Ivanovits Lasarev shared the teachings of his father with
Galina Varlamova in Iyengra:

My father spoke like this, and I think like this and I tell you this now.

Buga gives life to all kinds of scraps on earth, including humans. Buga sees everything,
warms everything with its inner warmth, makes us human.

Buga does not like badness. You should not be selfish and greedy, but share.

Buga gives it for everyone according to the nimat custom.

Buga has prescribed this law for every living thing.

(in [1])

Buga is (was) celebrated, according to Varlamova [1], in the seasonal rituals and
festivities. In spring, the Ikenipke Festival, which is a celebration of renewing of life [2],
Buga has to be remembered and respected through singing and dancing. While the
Ikenipke Festival has been transformed into a summer festival and lost most of its original
procedure [2,10] it is still an important marker event of the year for some Evenki.

These cultural practices and concepts define what we refer to as a renewed emplace-
ment potential for the Evenki of Iyengra [2]. Nimat then becomes the cultural expression of
this emplacement process. The forests and taiga lands and waters around Iyengra are not
“wilderness” for the Evenki [15]. Rather they are a cultural landscape filled with history
and presence [6,28]. They are defined as the Evenki homeland. The forest contains “close
proximity use areas”; for example, past and present camp sites and nomadic routes that are
a transitional space between human and natural realms. This is clarified by Lavrillier (e.g.,
in [7,9]) and Mustonen [27] in their studies of the spatial organisation of the taiga among
the Evenki.

In contrast, the deep forest and remote hunting areas are “for the nature” [10], only to
be visited by Elders who are aware of a proper behaviour and/or for occasional hunting
trips. Mustonen [27] explains how the time and dwelling in the village of Iyengra differs
from the taiga memories and presence—many people in the settlement long for the freedom,
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self-autonomous organisational and spatial order of the deep forest and nomadic camps
whereas the town is seen to be ordered and governed by Russian state norms.

Evenki navigation skills are rather well known. Lavrillier [15] stresses the role of
local streams and rivers for the Evenki navigation, especially during winter (see [45] for
discussion on Nenets and rivers for comparison). Rivers emerge as “highways” on which
connections can be made easily using reindeer. Wure’ertu [4] points that clan names of the
Evenki are based on the rivers they occupy.

One of the most central of animals in this cosmological order of the Evenki is the wild
reindeer [24]. Nature and its phenomena reflect this relationship based on oneness, unity.
There are other important animals too, but wild reindeer occupies a strong position in the
cultural whole. For example hunters may also associate sacred places in the taiga, such
as ancient burial sites with hunting luck of wild reindeer, pointing to the spatial, endemic
concepts of the forest the Evenki maintain [44].

Some of the Indigenous knowledge materials from 2005 to 2020 emerge to highlight
the role of wild reindeer in the Iyengra Evenki culture. We present them here in summary
and anonymous form respecting these herders’ wishes (Other hunter-herders, like Kolesov,
shared their oral histories with willingness and consent to be named. If this has been
the case, we have quoted a person direct with names.). For example, one oral historian
(anonymous OR) from the village reflected in 2020 that a meeting of white wild reindeer
brings good fortune. If it is hunted the skin is preserved and considered to bring luck to
the owner.

Summary from the OR corpus indicates that the overall, appreciated role of the wild
reindeer is shared amongst most of the people hunting and living in taiga. Little or no
differences can be found on the main role. Divergence of experiences emerges from the
spatial-territorial obshchina areas—each of these kin-based communities focus their hunt
on their own territories.

The question of rut season harvest remains a complex and partially unanswered
whole. Several knowledge holders indicated that the hunt stops for the rutting season in
September. Yet, individual statements refer to some harvests especially in the past (when
the stocks were plentiful) even during rut (see below on 2005 harvest). As no systematic,
reliable reporting in the community exists, exceptions may happen (for example when the
opportunity emerges).

Rutting is also the period when the wild and domestic reindeer populations may
encounter each other due to biological reasons. Montonen [35] reflecting on Finnish
wild forest reindeer and domestic population relations disagreed. He pointed to major
avoidance patterns between the wild and domestic herds. Rut events, access and avoidance
and associated hunt windows will constitute one of our future focus points should the wild
reindeer survive in the taiga forests surrounding Iyengra.

Variations of engagement and maintainence of traditions emerged from individual
oral histories. We offer carefully selected samples below, from the consented OR materials,
to illustrate some of the gendered, and nuanced practices documented.

An oral history by the late knowledge holder Oktyabrina Naumova linked the wild
reindeer liver with good eye sight. She conveyed in 2005 that the 107-year-old spiritual
person (shaman), Matryona Kulbertinova, had used the liver for her health and maintaining
of eyesight in the forest. Oral histories also refer to the teeth of the wild reindeer to be used
as talismans for babies during the nomadic travels, to protect them from evil spirits.

Naumova also conveyd that then the hunting was initiated, people would leave
offerings to trees and river crossings to seek good fortunes. Stories of wild reindeer luring
domestic reindeer have been plentiful in the documented materials. In summary the wild
reindeer is seen to have an agency, a determination and awareness of human behaviour
and practices.

Customary cultural practices, besides nimat, are still known in the camp. For example,
when the wild reindeer has been harvested, its bone marrow should be sacrificed on the
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campfire before eating the animal. Also a part of the tongue and kidneys are fed to the fire
before humans can start to eat.

In a reindeer camp in 2005 one of the more active hunters of the reindeer brigade
4 mentioned that he averages 10 hunted wild reindeer in a winter season. According to
him “wild reindeer are completely different from reindeer”. He differentiates for example by
comparing the ears, tail and nose to be very distinct.

The scientific materials pointed out that the years 2000–2007 were a source of a large
decline of stocks in the area. Hunters agreed in 2005: “In the past, during the rut, even
women could go out and kill a wild reindeer, they were plentiful. Now there are too few of them.”
Many other oral histories confirmed this observation in town and in the camps in Winter
and Spring 2005. In an oral history from 2020 an anonymous male hunter (quoted above)
stressed that in 2020s the rutting season is now a time when the hunt is suspended—a
potential self-imposed measure to allow the stocks of reindeer to have a chance to replenish.

Some positioned the decline to have emerged already in 1970s: “When the Baikal-Amur
railway was built (in the 1970s), the number of animals decreased.” Vorob’ev [24] highlighted
the nexus of increased wild reindeer stocks and diminishing of reindeer herding in another
region as one of the drivers of change. We mark this important regional discovery but the
evidence from Southern Sakha points more towards a combination of human-induced and
potentially climatic changes, given the speed of losses of stocks reported both by scientists
and the Evenki themselves.

In the oral history corpus several hunters also referred to climate change impacts as a
driver of loss of wild reindeer. According to them the autumnal freezing rains had caused
the wild reindeer to move to Amur region, away from the southern Yakutian pastures. This
would be in some contrast to the science deduction by Argunov [39] that the movement of
wild reindeer is more towards north, central Yakutian wild herds.

To position this in a dialogue with science, we can determine that climate change has
already started to manifest both in the oral histories and the science data from the regions
(see Figure 1). Mean annual temperature in the region, according to Russian Academy
of Sciences data, has increased up to 0.5 ◦C per decade between 1930 and 2015 using a
linear least squares fit to the data. Evenki views on climate change and oral histories have
been explored elsewhere at length [27]. For the wild reindeer displacement analysis it
is sufficient to position the weather and climate change to be major drivers this century
that are already affecting the nature and livelihoods (see documentation of snow quality
changes in [10]).

In Spring 2020 in the oral histories the multiple issue, present crisis of Iyengra
manifested clearly in the words of one of the female reindeer herders, who prefers
anonymity [46]:

“Spring is the season of a new life. New calves come into this world. For us, for Evenki,
this is the happiest and the most exciting season. Reindeer calving is very important for it
increases the number of reindeer. There are domestic and wild reindeer. Today we will talk
about hunting of wild reindeer. In past, long time ago when I was a child, out reindeer
herd was located about 110 kilometres away from the settlement. An all-terrain-vehicle
delivered food two or three times a year. That is why, our main food was wild reindeer
meat. There was enough wild reindeer in the area both for us and for other predators
(wolves, bears, etc). There was enough wild reindeer. We harvested as much as Seveki
(C—one of the names of the Evenki god-creator) would give us—Evenki do not take too
much, they have to share with others—‘Nimat’ (ā—process of sharing harvested animal
with others (a ritual)). Sometimes in the morning you would come out of your tent
and reindeer were going in circles and were jumping away from something within kure
(ē—coral for reindeer)—turned out that a wild reindeer came with domestic reindeer.
Nowadays, it does not happen often. In the course of time, the climate has changed—fires,
droughts. Because of the fires the number of wolves and bears has grown; they have
chased away wild reindeer and got at our domestic reindeer. We had to move closer to
the settlement. At present there are horrible times for reindeer herders. Gold-diggers are
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everywhere, destroying the land. But reindeer have to eat lichen and drink clean water.
Everywhere is the noise of machines, there are no wild reindeer left, they migrated to
pristine areas. Because there is no wild reindeer, Evenki food supply is disrupted. In
summer, if you are lucky, you can harvest one wild reindeer and the probability of it
is 1 to 100. And in winter, reindeer herders go away for a month in order to harvest
some meat for their families. When gold-diggers have appeared, nothing alive was left
in the forest.”

Summarizing, much in line with Krivoshapkin and Mordosov [20], the Evenki of
Iyengra, based on the observational visits to their camps and home area 2005–2020 as well
as documenting their oral histories, agree about the losses of the wild reindeer populations.
In the materials we can see a speeding up of the situation especially between 2001 and 2007
due to the pipeline construction, which corresponds to the Krivoshapkin and Mordosov [20]
data of major losses of pastures, ecosystems and reindeer themselves during this period.

 

Figure 1. Climate change summarised on the basis of regional weather station data from Chulman (close to Iyengra). Bars
indicate the temperature anomaly for each year 1929 to 2015, compared with a base period of 1961–1990. The anomaly
is calculated as the annual average temperature minus the 1961–1990 mean temperature. Red bars indicate positive
temperature anomalies (the annual average temperature is higher than the baseline mean) and blue bars indicate a negative
anomaly (annual average temperature less than the baseline mean). These data were derived from Russian Academy of
Sciences ground temperature stations with subsequent statistical analysis by Brie Van Dam, PhD, Snowchange.

Complementing the potential human-induced drivers, the Evenki point to impacts
of climate change that manifest for example in the freezing of reindeer pastures in the
Autumn. Diverging from the scientific understanding some oral histories point to Amur
region as the destination of the wild reindeer when they move away from Iyengra and
Neriungri area. Argunov [39] pointed that the taiga wild reindeer would amalgamate and
populate central Sakha-Yakutia territories. Further research is needed to determine these
directions better.

By late 2000s Evenki hunters reported in oral histories that the overall hunted amount
of wild reindeer over the whole winter had fallen to 10 animals, in a good year, around
Iyengra. “In the past”, especially during the Autumn rut, wild reindeer had been perceived
to be so plentiful that everyone received enough.
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4. Discussion

Krivoshapkin and Mordosov [20] state clearly that the wild reindeer populations of
Sakha-Yakutia, especially the southern herds, are in severe decline, mainly from three main
reasons: industrial development, forestry and the loss of land access.

Wild reindeer according to Frainier et al. [26] are a cultural keystone species for the
Evenki of Iyengra. Relations with, and the hunt and uses of wild reindeer maintain a
large, even ancient cultural complex that is the source of Evenki food, linguistic diversity,
customary law and relationality with the taiga forest landscapes [24]. We may determine
this to be endemic to the specific dialect of Evenki spoken in the area. From the viewpoint
of potentials of a cultural and ecological emplacement, we can see an even stronger role of
the wild reindeer as a keystone species.

More precisely the industrial land use in the surroundings of Iyengra have had a deep
impact on the traditional land use, culture and economies of the Evenki overall. Railroads,
hydroelectric stations, and coal and gold mines have gradually dominated the landscape.
In addition, the construction of the East Siberia-Pacific Ocean oil pipeline and Power of
Siberia gas pipeline during the 2000s and 2010s [14,19,27] have largely modified the lands
and lives of the people in the region.

The first railroad, the Baikal-Amur railway (The so-called BAM track) was already con-
structed across the taiga in the 1970s. Megachanges in nature and society have affected all
of the Evenkia—in 1927 they possessed approximately 49,000 domestic reindeer, in 1968 up
to 63,800, and in the 2010s, the numbers have fallen to perhaps a low of 3000 animals [47].

The Iyengra co-researchers in their priorized co-interpretations linked with the author
deductions repeatedly returned to the abrupt link between railroad construction, loss of
wild reindeer and reindeer herding. When the first tracks were built, accounts of several
young reindeer herders committing suicide were reported [48]. It is believed that they
could not come to terms with the imposed dramatic changes in their lands and lives. Such
upheavals have produced contexts where traditional skills and values have lost meaning
and their whole world was turned upside down.

With the new-found freedoms of the post-Soviet Siberia, Evenki were able to establish
kin-base communities. Across the region a cultural resurgence brought pride and value to
traditional practices and cultures. Pika [40] called this the ‘neotraditional’ era. Out of food
security necessity and due to lack of resources and funds, many families and herders in
Iyengra maintained and even renewed modes of life in the taiga that can be seen as acts
of emplacement, even though we can question of course in hindsight, how much of an
agency [37] was realised and how much happened because of daily needs.

The cumulative impacts of past land-use changes, and especially those associated
with the industrial megaprojects of the 2000s and 2010s are as immense as they are difficult
to assess. In summary, mining, energy and infrastructure projects have thoroughly altered
the Evenki land and lifescapes in the following ways [13,14,19,27]:

• Major hydrological regimes and aquatic ecosystems have been efficiently transformed
by mining extensions and the construction of hydropower.

• Smaller streams and old-growth forests have been contaminated by oil pipelines, as
well as mercury release and land churning by artisanal gold mining.

• Changes in forest cover, fish stocks, water colour and quality have in turn exhaustively
affected fishing livelihoods and reindeer herding.

• Mammals, birds and other fauna that are dependent on post-Ice Age pristine old
growth taiga forests have suffered and retreated elsewhere, making hunting and
subsistence economies harder to maintain.

• Soviet introductions of species such as sable, to name one example, are cases of
biomanipulation that affected the region early on.

• Climate change-induced droughts and unsafe fire management have affected Evenki
capacity to maintain seasonal rounds. Forest fires have also turned more frequent due
to increase of tourist hunters.

• Major transport corridors have sliced the taiga around Iyengra.
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• The amount of waste water released from the city of Neriungri has become alarming.
(summarized also from [6,29]).

Such losses suffered by the wild reindeer populations are therefore affecting the
Evenki too [24]. They make the potential for a sustained or a realistic emplacement process
extremely hard. Unique, priceless cultural practices, songs, customs and ways of life be-
come endangered as the wild reindeer disappears. As Frainier et al. [26] demonstrates, the
loss of biodiversity cascades simultaneously into a loss of cultural and linguistic diversity.
Vorob’ev [24] researched in Krasnoyarskii krai where Evenki are also living and discovered
that the renewed herds of wild reindeer instigated a number of emplacement -style returns
of hunting practices and food security elements (also on the expense of loss of herding
time/focus). He determined that they contained “ancestral” elements of the hunting cul-
ture, even though gaps and losses had happened. We think the Krasnoyarskii krai situation
is not directly applicable in Southern Sakha but remains an important comparative case.

5. Conclusions—Nimat: Key Elements of Potential of a Renewed Emplacement

Increasingly from the early Soviet period and overwhelmingly so from 1970s onwards, the
state-sponsored intrusion into Southern Sakha-Yakutia [13] has wrecked the intact nature of the
taiga ecosystems of the Evenki with the construction of mines, pipelines [14,19,27,43,48] calls
these ‘critical infrastructures’ of the state] and hydrostations, as well as road and railway
lines that have altered permanently the status of the ecosystems. Wild reindeer are one of
the most potent symbols of loss of natural ecosystems this large process has caused. As
Varfolomeeva [49] demostrates, even the “softer solutions” such as tourism and road
constructions for non-industrial needs will have consequences for the local traditional-
Indigenous cultural context in Siberia. Lavrillier [30] reviewed the options of supporting
culture of the region using nomadic schools, to varying degress of success. There are no
easy answers.

Locally, Evenki have responded in a number of ways which can be summarised as a
mix of access, avoidance, withdrawal, confrontation and ultimately acceptance [37]. This
multifaceted transformation of the Iyengra Evenki cannot be summarised in one article,
but we propose an alternative development for the region, building on the Evenki cultural
concept—nimat. We do not pretend that this conceptual plan could be implemented at
once in the present-day conditions. We also acknowledge its difficulties in the present
socio-political realities. Rather, we draw on a cultural grounding of the emplacement
potential Iyengra still has.

Nimat—here, sharing, is essential for survival in Iyengra. In 2005 in a reindeer
brigade [4] a number of herders exclaimed during the oral history work that focused
on nimat: “All get an equal share! Nobody is left out! We share amongst the people of the same
tent, every bone shared. We always do it.”

The Evenki taiga of Southern Sakha-Yakutia is now an altered ecosystem and so-
ciety containing both intact and wrecked components. By accepting the continuity of
externally induced displacement, the Evenki culture will become integrated in the new
post-traditional era. However, alternatively, systematic advancement of endemic modes of
living contain an imagined ‘rebirth’ (see the cultural roots and structural potential amongst
Evenki in [2]) of the taiga that is shared by many, if not all, Evenki of Iyengra. The three
critical points of a successful emplacement defined by Mustonen and Lehtinen [36] are still
present in Iyengra—(1) some remaining core ecosystems, (2) knowledge of living cultural
codes (and social-ecological networks) of engagement with the landscapes and (3) lastly, at
least some agency to realize what this form of nimat could undertake.

This alternative is rich in potentials rooted in past community wisdom, both spiritual
and practical, that is still remembered and commemorated among the Evenki. We should
not forget what occurred in 1991 with the dissolution of the Soviet power—a return to
traditional ways of life in the forest, fostered both by economic necessity and leadership
of Evenki themselves, such as Keptuke and Matriona Kulbertinova [1]. Mustonen [50]
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points to the applicability of oral histories (see on regional translation and power languages
in [51]) as a basis of ecosystem restoration.

Therefore, a societal nimat could solve the crisis of both the reindeer and the people [2].
We outline some of the umbrella components of an emplacement process of nimat which
would have to be met for a land-based lifeway to be guaranteed. First, rewilding and
restoration of those taiga habitats and river systems that have been adversily affected by
industrial land use would need to be initiated. Second, an establishment of Indigenous
community conserved areas (ICCAs) in the taiga forest that would protect the life of both
the wild and domestic reindeer and the Evenki is needed to guarantee certainty of nature-
based Indigenous life in the forest. Thirdly, an allowance of a taiga life of interconnected,
healing ecosystems—where nature is providing her nimat, the eternal bounty of sharing
resources, food and survival, in a unique part of Eurasia that has nurtured the Evenki for
so long.
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Abstract: Ongoing climate change and associated food security concerns are pressing issues globally,
and are of particular concern in the far north where warming is accelerated and markets are remote.
The objective of this research was to model current and projected climate conditions pertinent to
gardeners and farmers in Alaska. Research commenced with information-sharing between local
agriculturalists and climate modelers to determine primary questions, available data, and effective
strategies. Four variables were selected: summer season length, growing degree days, temperature
of the coldest winter day, and plant hardiness zone. In addition, peonies were selected as a case
study. Each variable was modeled using regional projected climate data downscaled using the delta
method, followed by extraction of key variables (e.g., mean coldest winter day for a given decade).
An online interface was developed to allow diverse users to access, manipulate, view, download,
and understand the data. Interpretive text and a summary of the case study explained all of the
methods and outcomes. The results showed marked projected increases in summer season length and
growing degree days coupled with seasonal shifts and warmer winter temperatures, suggesting that
agriculture in Alaska is undergoing and will continue to undergo profound change. This presents
opportunities and challenges for farmers and gardeners.

Keywords: climate change; agriculture; Alaska; growing degree days; seasonality; plant hardi-
ness zone

1. Introduction

The relationship between agricultural production and climate change is of particular
interest and pertinence in Alaska for several reasons. These include the accelerated pace
of climate change in Alaska, the state’s current low agricultural food production and
associated vulnerability to supply disruptions, remoteness, the lack of diversity in Alaska’s
highly oil-dependent economy, and the potential for agricultural expansion.

Alaska’s high-latitude setting places it at the front lines of environmental change [1,2].
Due in large part to polar amplification [3], the climate is warming in the far north at as
much as three times the rate of other regions of the world [4].

Food security is an issue of particular concern in Alaska, in part because the state
is remote from the contiguous United States and other agricultural regions; of all the
agriculturally-produced food consumed in the state, only five percent is locally grown [5].
Alaska also has many communities which are inaccessible by road, and are thus vulnerable
to interruptions in food supply [6]. Alaska has ample arable land and fresh water, and yet
lags far behind northern European nations in terms of agricultural self-sufficiency, which
places it at a high risk for catastrophic disruptions to supply chains [7].

Rising temperatures, altered precipitation regimes and associated shifts in growing
degree days, summer season length, and the timing of spring thaw and autumn frost are
among the factors that are rapidly altering natural ecosystems and agricultural opportuni-
ties [2,8]. The ability of Alaskans to predict these changes will profoundly affect their ability
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to adapt. The State of Alaska recognizes the scope and magnitude of these changes and has
made it a priority to ensure Alaskan communities and managers incorporate anticipated
change into local and regional planning. This is also a goal of the University of Alaska
(UA), which seeks to apply and advance its expertise in climate science and landscape
ecology to better understand the manner by which these changes affect ecosystems, food
webs and human populations.

Thus far, adaptation to climate change in the agricultural sector has been slow, and
studies suggest that such adaptation does not occur until farmers perceive the importance
and immediacy of climate change [9]. Farmers’ perceptions of climate change have been
identified as an important factor for adaptation to take place [10–12] as it triggers the
necessary changes that are needed for action, in addition to other factors [13].

Currently, agriculture in Alaska is climate-limited. Sparrow et al. [14] note that
primary limitations include low heat energy, short growing seasons, and cold winters that
prevent survival of perennial crops. Considerable research (e.g., [15–17]) has assessed how
to overcome some of these limitations, particularly in the context of food security.

The scientific consensus suggests that climate change is already altering the equation,
and will continue to do so [18]. Hatch [19] found that climate projections show that future
growing conditions in the Fairbanks North Star Borough may be more similar to northern
prairies in the lower 48 states. Sparrow [16] found that increases in growing degree days
(GDD) could cause crop production to advance northward throughout the century, with
increases in yields and new varieties becoming viable. Meanwhile, for some crops, climate
change may not be positive. For example, burgeoning peony markets are dependent on
Alaska’s relatively cool climate and late summer season.

Lader et al. [20] investigated some of the potential impacts of climate warming on
northern agriculture. Their research used climate projections based on regional dynamical
downscaling using the Weather Research and Forecasting (WRF) Model. They used these
model outputs to assess changes in growing season length (GSL), spring planting dates,
and potential occurrences of plant heat stress for five regions in Alaska. Expanding the
use of these data by adding additional variables and the full spatial extent of the state, this
project’s goal was to provide real-world tools that stakeholders around Alaska can use to
plan for and adapt to agricultural change.

Currently available tools are limited in their ability to help Alaska’s farmers adjust to
climate change. USDA hardiness zones are relatively fine-scale within Alaska, but are based
only on extreme winter temperature; thus, they serve as a reliable metric only for plants
affected and limited by winter extremes. Indicator plants, as defined by the USDA, help to
capture some of the nuances of range limits. However, with ongoing climate change, both
winter extremes and indicator species may shift and change. Moreover, for many species,
particularly annual crops, other climate indicators are likely to provide more pertinent
hardiness information. Communication with stakeholders can aid researchers in creating
climate change assessments that address real-world concerns. Moreover, a meaningful
assessment must take into account both positive and negative potential changes, including
new opportunities and new stressors.

Peony farming serves as an excellent case study for research on climate change and
agriculture in Alaska, because peonies represent a burgeoning niche market, and are a crop
that is uniquely lucrative in Alaska for reasons linked directly to the climate. Peonies bloom
in Alaska in July, August, and September and are available commercially nowhere else in
the world during this time. Commercial peony farming has seen considerable growth in
recent years. There are over 100,000 peony roots in the ground on peony farms in Alaska
and farmers are continuing to add roots at over 30,000 roots per year, with gross sales of
well over a million dollars. Peony growers engaged in the project expressed concern about
seeing shifts toward earlier blooming times, which puts Alaska’s peonies in more direct
competition with other markets.

The shifts in the Arctic climate will likely produce a range of impacts on different
crop species, but through the development of decision support tools, those affected have
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a greater ability to prepare for changes proactively. This project drew upon local knowl-
edge and the best available climate modeling techniques to build user-friendly tools that
deliver practical information to farmers, ranchers, forest landowners, and Alaska Native
communities to help them to adapt to climate change. The project demonstrated that over
the coming years and decades profound shifts are likely in growing season length, growing
degree days, and winter temperatures, and it linked these changes with potential shifts in
key crops.

2. Materials and Methods

The project included four major stages:

1. collaborative research and information-sharing in order to determine primary ques-
tions, available data, and effective strategies;

2. development of datasets, models, and tools, to address these primary questions;
3. interpretation and refinement of models and tools in order to maximize their utility

and effectiveness; and
4. final interpretation and dissemination of results and outcomes to project partners and

to the public.

In the first stage, we fully reviewed the existing literature and the potential appli-
cations for existing downscaled climate projections. We then met (in person, via video
conference, and by email) with collaborative partners from around Alaska, represent-
ing family-owned community-sustained farms (Calypso Farm and Ecology Center and
Spinach Creek Farm), small-scale commercial peony growers (Arctic Alaska Peonies and
The Alaska Peony Growers’ Association), a knowledge-sharing program between UAF
and rural Alaska communities (Community Partnerships for Self-Reliance) and a Tribal
conservation organization dedicated to the wise use of natural resources (Tyonek Tribal
Conservation District). These partners had all indicated interest in the project prior to
it being successfully funded, and had provided letters of support. Some, including the
peony growers, had previously approached us with their questions, while others were
networking contacts with known interest in climate change research, sustainability, and
community self-reliance.

Given the collaborative, rather than top-down, nature of the research, discussions were
open-ended. We discussed the development of user-friendly tools that could be developed
for the project. However, we did also seek each collaborators’ specific thoughts regarding
the greatest climate-related factors related to successful farming, with the expectation that
these answers would vary by region and expertise but would reveal key patterns.

From these interactions we determined the following priorities. Those marked by
a star (1, 2, and 7) were selected for modeling, based on the availability of appropriate
climate data. Those not examined in this study may be pursued in future research.

1. Growing degree days (GDD) are an important variable for determining crop viability.
It is optimal to map GDD spatially, given that elevation, slope, and aspect are all
key. Peonies and brassica (broccoli/cabbage family) are more successful with cooler
temperatures (lower GDD), while other flowers and vegetables (e.g., squash) are more
successful with higher GDD. *

2. Total season length and/or the date of the first and last frost are crucial. This affects
not only crops that need a long growing season (e.g., squash) but also crops that
farmers like to stagger with multiple plantings, and plants for which the timing of
harvest is key in order to compete in markets. *

3. Soil temperature, particularly in spring, is very important.
4. Cold spring temperatures in general are difficult for farmers.
5. Drought or constant rain are problematic.
6. For perennials, the timing of when snow arrives is an important factor.
7. The coldest monthly mean temperature (often January) and coldest winter tempera-

ture are of interest for perennials. *
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The selected questions led directly to the data analysis, modeling, and tool creation
described below.

Climate station data is limited in Alaska, necessitating the use of downscaled gridded
reanalysis data for both historical and future projections. The climate projections used
in this project were derived from regional dynamically downscaled data produced with
the Advanced Research core of the Weather Research and Forecasting Model (WRF) [21].
The model simulations were driven by multiple climate datasets for past time periods,
including ERA-Interim data [22], the Geophysical Fluid Dynamics Laboratory Climate
Model (GFDL), version 3 [23], and the National Center for Atmospheric Research (NCAR)
Community Climate System Model, version 4. Two different sets of modeled data were
used in this project, referred to as GFDL and NCAR, based on these two different Global
Circulation Models, in order to represent the range and uncertainty associated with use of
climate projections. While both models have been shown to be highly valid in northern
latitudes [1], GFDL data tend to project greater changes in temperature, while NCAR
outputs are more conservative. The full dynamical downscaling methodology and WRF
configuration are described in Bieniek et al. [24] and Lader et al. [20]. Data were downscaled
to 20 km spatial resolution; thus, all community-specific data described in this analysis
can be understood to represent the 20 km grid cell that best represents the community
locations. The projected data used the 8.5 RCP (Representative Concentration Pathway)
of phase 5 of the Coupled Model Intercomparison Project (CMIP5) [25], as defined by the
IPCC. The limitations imposed by spatial resolution and choice of RCP are described in the
Discussion section.

Temperature and precipitation data were produced at hourly time resolution. This
allowed for fine-scale identification of some of the key variables that were identified by
stakeholders. Because we were aiming to highlight climate trends over long periods of time
(decades or longer) rather than to accentuate model variability at the annual or sub-annual
level, we used decadal means and multi-decadal means in our data visualization tools.

Separate tool interfaces within a dashboard-based website were developed for each
selected variable, including one for GDD, one for season length, and two separate tools
for visualizing cold conditions. All four resulting tools are available online–in separate
tabs—at https://www.snap.uaf.edu/tools/gardenhelper/ (accessed on 15 September 2021)
(see Supplementary Materials) with an accompanying explanatory text aimed at a wide
range of stakeholders from the general public.

The first tool in the online interface was designed to provide gardeners with past,
current, and projected future data estimating growing season length, as defined by the
longest time period during which the temperature never drops below a selected threshold
Fahrenheit degrees were used throughout the tool, based on user familiarity. This famil-
iarity is also reflected by the fact that Fahrenheit degrees are more commonly referenced
in the corresponding agricultural literature. Thus, in the tool these thresholds are defined
as “hard frost, 28 ◦F” (−2.2 ◦C); “light frost, 32 ◦F” (0 ◦C); “Cold crops, 40 ◦F” (4.4 ◦C);
or “Warm crops, 50 ◦F” (10 ◦C). In order to make the tool locally pertinent and accessible,
we created drop-down menus to offer users a choice of hundreds of Alaska communities,
each linked to the appropriate latitudinal and longitudinal location in the database; a radio-
button choice of the NCAR or GFDL model, and a drop-down menu choice of temperature
thresholds. The accompanying text explains these choices and interprets the outputs. Based
on the literature, gardeners are offered a table with appropriate threshold values and the
approximate number of days necessary to produce 24 different annual crops, including
a range of popular vegetables and grains. The interpretation includes an explanation for
why the data appear variable, even when averaged by decade, as well as an explanation
for the use of two different GCMs.

The second component of the tool focuses on daily minimum temperatures—estimates
of record-breaking cold. We created an interface such that for user-selected locations and a
user-selected model, as described above, a graph is generated showing the modeled data
based on the coldest temperature ever recorded or projected for a chosen location, date (e.g.,
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12 February or 18 July) and time period. For the purposes of this interface, we aggregated
the data into color-coded thirty-year ranges to represent climatologies: 1980–2009, 2010–
2039, 2040–2069, and 2070–2099. This allows users to see the clear distinctions between
past, current, near-future, and far-future projections. The accompanying text explains how
to use and interpret the interface.

The third tool interface calculates GDD, a metric commonly used to estimate how
much heat is available and useable to crops. There are several methods for calculating
GDD. Based on the available modeled data, and in order to create a user-friendly online
tool with the greatest possible flexibility and clarity, we used a method in which we took
the average of the daily high and daily low temperatures, and subtracted the user-selected
baseline value from that average. In other words, if a user selected a baseline of 50 ◦F
(10 ◦C), and if the daily high for a particular day was 70 ◦F (21 ◦C) and the low was 60 ◦F
(16 ◦C), the GDD value for that day would be ((70 ◦F + 60 ◦F)/2) − 50 ◦F = 15 ◦F or in
SI units ((21 ◦C + 16 ◦C)/2) − 10 ◦C = 8.5 ◦C. As in the season length tool, we offer four
possible baselines: 28 ◦F (−2.2 ◦C), 32 ◦F (0 ◦C), 40 ◦F (4.4 ◦C), and 50 ◦F (10 ◦C). Daily
values are cumulatively summed across the summer season, creating graphical outputs.
In order to smooth the data and create a reasonable number of future projections, data
are averaged by decade. Because heat stress is rare in Alaska, we did not include upper
GDD thresholds in our calculations. GDD is not a familiar concept or calculation for many
stakeholders, and as such we included adequate explanation in the tool interface to allow
for appropriate interpretation. This included tables of sample crops identified by their
growth thresholds and necessary GDD values (ten species with a threshold of 32 ◦F, four at
40 ◦F, and six at 50 ◦F; no species were identified with a threshold below 32 ◦F, but 28 ◦F
was included in the dropdown interface to provide continuity with the growing season
length tool.)

In the fourth and final tool interface, we created maps using metrics similar to those
used by the USDA to define Plant Hardiness Zones. Here, users do not need to select a
location, because all maps cover the full statewide spatial domain. However, users are
offered the option of downloading high-resolution individual maps for four current and
future time periods, or viewing all four simultaneously. For the purposes of this interface,
we aggregated the data into the same thirty-year ranges that were used for the minimum
temperature tool: 1980–2009, 2010–2039, 2040–2069, and 2070–2099. However, rather than
being based on absolute coldest daily temperatures, hardiness maps are based on the
average annual minimum winter temperature. In order to aid user interpretation, we
matched map colors and labeling schemes to those used in USDA maps.

Finally, in addition to the creation of the above tool components, we assessed the
potential changes to peony crops in Alaska, based on our climate projections coupled
with data available from the literature and insights on agricultural research on peonies—
particularly research conducted in Alaska by Patricia Holloway and others at UAF’s
Georgeson Botanical Garden. This included data on dormancy, stem growth, flowering,
and seasonal timing.

3. Results

3.1. Length of Growing Season

An example of the tool outputs for the length of growing season is shown in Figure 1.
Although this figure shows only a single location (Fairbanks, the location of the researchers
and several stakeholders engaged in this project), threshold (32 ◦F) and model (GFDL), it
is typical of the full range of results in several ways. First, it clearly demonstrated, even
to a casual viewer, that the summer growing season is projected to get longer over time.
Second, it shows that this increase is likely to occur at both ends of the season, with earlier
springs and later autumns. Finally, the results demonstrate that this shift, while obvious at
the scale of a century, is somewhat variable or unpredictable, even with decadal averaging.
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Figure 1. Sample of Growing Season Length tool output. Location selected was Fairbanks, temperature threshold selected
was 32 ◦F, and model selected was GFDL.

This tool can return data that, although technically realistic (reflecting likely real-world
conditions), may be confusing and not useful to end users. If users select a particularly high
temperature threshold, and/or live in a very cold region, the results may appear to be short
and uneven, as in Figure 2. This is because the tool finds the longest consecutive period
during which the daily minimum temperature never drops below the selected temperature.
This time period may be extremely short, and is unlikely to be helpful in determining
when to plant crops. Users are cautioned to be sure to select thresholds that make sense for
their area. In future tool iterations, feedback from users may help create visualizations that
avoid this issue altogether.

Figure 2. Sample of Growing Season Length tool output. Location selected was Nome, temperature threshold selected was
50 ◦F, and model selected was GFDL.

3.2. Annual Minimum Temperature (AMT)

Sample output from the AMT interface is shown in Figure 3. In this case, Anchorage
(the largest population center in Alaska) and the NCAR model, which tends to project less
extreme climate change than the GFDL model, were selected. However, outputs for other
locations and for the GFDL model show similar patterns. While variability is high, as can
be seen from the scattering of a few extreme values, and while there is considerable overlap
between time periods, even with thirty-year time intervals, the overall pattern of projected
warming is clear from time period to time period. Also of note is the fact that although
warming is projected across all seasons, winter warming is likely to be much greater than
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summer warming. In this example, by late this century (2070–2099), very few days are
expected to be below 10 ◦F in Anchorage, which is a stark departure from past extreme
lows. In future iterations of this tool, greater contrast in dot colors may improve readability.

Figure 3. Sample of Daily Minimum Temperature tool output. Location selected was Anchorage and model selected was
NCAR.

3.3. Growing Degree Days (GDD)

Sample results for the GDD tool are shown in Figure 4. These outputs are for Igiugig,
a small remote village with an active community garden. Again, this example shows many
features common to outputs from this tool. Heat units are added up day by day to create a
cumulative total. Totals increase from 1875 ◦F (1042 ◦C) for the earliest baseline decade
(1980–1989) to 4454 ◦F (2474 ◦C) for the most distant projected decade (2090–2099). The
layout of the graph is designed to make the approximate magnitude of this shift clear even
to users who are unfamiliar with GDD.

Figure 4. Sample of Daily Minimum Temperature tool output. Location selected was Igiugig, threshold was 40 ◦F and
model selected was GFDL.

Plants reach particular growth stages when cumulative GDD reaches the necessary
values. However, the minimum GDD necessary for growth and development varies by
species and, as such, different lower thresholds are used for the calculation of GDD. Many
Alaskan wild plants and cultivated crops are cold-hardy, and can take advantage of all
above-freezing days, so for these species GDD can be calculated with a baseline of 0 ◦C
(32 ◦F). Most crops in other regions have higher baseline temperatures, e.g., 5 ◦C (about
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40 ◦F) for crops considered suitable for cool climates, such as barley and oats, or 10 ◦C
(about 50 ◦F) for so-called warm-climate crops, such as corn and tomatoes.

Because many tool users may be unfamiliar with GDD and with the thresholds and
total GDD needed for crop growth and maturity, we provided an explanatory text, noting
that, “plants can grow when the temperature is above some minimum value, which varies
by species. Many Alaska plants are cold-hardy and can grow on all above-freezing days.
For these, GDD can be calculated with a baseline of 32 ◦F. Most crops in other regions
have higher baseline temperatures, such as 40 ◦F for barley and oats, or 50 ◦F for corn and
tomatoes. Choose a threshold based on what crop you plan to grow.” We also provided
sample tables, based on the literature. These are shown in Table 1, which also shows data
on days to maturity. In the online interface, these data are shown in two separate tables
associated with the two different tools, in order to avoid confusion.

Table 1. Common crops and their associated minimum temperature thresholds, days to maturity,
and GDD.

Baseline
Temperature
Threshold, ◦F

Species or Variety
Minimum Number
of Days to Maturity

Growing Degree
Days to Maturity, ◦F

32 Wheat (hard red) 90–100 2800–3029
32 Barley 60–90 2316–2771
32 Oat 85–88 2701–3160
32 Canary Seed 95–105 2447–2795
32 Flax 85–100 2917–3273
32 Canola (B. rapa) 73–102 2280–2519
32 Mustard (S. juncea) 85–95 2748–2930
32 Chickpea N/A 3054–3277
32 Lentil 85–100 3164–3408
32 Sunflower 80–120 3236–3581

40 Wheat (Indiana) N/A 2100–2400
40 Broccoli from starts 46 1623–1702
40 Beets 40 N/A
40 Brussels sprouts 90 N/A
40 Cabbage 45 1623–1702
40 Carrots 60 N/A
40 Cauliflower 45 1623–1702
40 Radish 25 N/A
40 Spinach 39 N/A
40 Kale 25 N/A
40 Peas 60 N/A

50 Sorghum 90–120 1690–1944
50 Soybeans 100 1679–1992
50 Cucumber 60 682–952
50 Sweet corn 80 1134–1522
50 Tomatoes 60 1700 +

3.4. Hardiness Zones

The USDA uses Plant Hardiness Zones as the standard by which growers can de-
termine which plants are likely to thrive at a given location. Many seed manufacturers
reference these zones. Hardiness maps are based on the average annual minimum winter
temperature. These zones are only a rough guide. Because they are based on winter
temperatures, they are of greatest importance for perennials, such as fruit trees or peonies.
The four maps shown in Figure 5 use nomenclature and color ramps similar to those used
in USDA maps in order to render them more familiar to gardeners and farmers who are
accustomed to the USDA zone delineations. These maps represent current estimates of
hardiness zones in Alaska, plus projections of how these zones may look in three future
time periods, as described in the Methods section.
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Figure 5. Alaska Hardiness Maps.

3.5. Peony Case Study

This case study was shared directly with project partners and was summarized for the
public and made available here online [26]. The summary highlights some clear continuing
advantages for Alaska peony growers, including the fact that although Alaska winters are
likely to remain cool enough for peony dormancy, the same may not be true for growers
elsewhere. However, it also highlights challenges, particularly for growers in the parts of
the state with the warmest summers, as increased spring heat spurs earlier blooming and
diminishes the late-summer niche enjoyed by Alaska growers.

Previous studies show that relatively cool winter temperatures are necessary for peony
roots to achieve dormancy. However, provided that temperatures are consistently below
6 ◦C (43 ◦F) for seventy days, dormancy will be achieved [27]—a condition easily met in
most of Alaska. Plants break dormancy as soon as temperatures rise above freezing [28–30].
Byrne and Halevy [27] report that flowering can occur in only about 50 days in greenhouse
conditions, but suggests that slower growth in cooler temperatures results in less atrophy
of buds. Indeed, Kamenetsky et al. [31] found that moderate temperatures with highs of
72 ◦F and lows of 50 ◦F were best for enhancing stem length and flowering. When daily
highs and lows were 82 ◦F and 72 ◦F, flowering was drastically reduced. Hall [27] similarly
found that temperatures over 77 ◦F resulted in reduced blooms. Holloway et al. [28–30]
found that flowers bloomed in all cases when cumulative GDD above a 32 ◦F threshold
reached between 1734 and 2313. In contrast, the number of days from bud emergence to
first cutting ranged from 32 in Fairbanks to 79 in much cooler Kenai.

A further case study linking tool outputs to existing or planned community gardens
would offer an excellent area for future investigation.

4. Discussion

These tools have already been discussed, shared, and used as teaching and presenta-
tion materials within the Alaska agricultural community, particularly by project partners
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and participants associated with Cooperative Extension Services and/or the peony grow-
ing industry. The results of the peony case study were presented at the annual meeting of
the Alaska Peony Growers’ Association in 2020. Outcomes were included in a presentation
in June 2021 by Dr. Glenna Gannon and Shannon Powers which focused on Variety Trials
in the Matanuska Susitna region. In addition, the Fairbanks Daily Newsminer ran a feature
on the tool [32].

Given the goals of this project in relation to stakeholder needs, small-scale gardens
and farms, and food security, all of the results must be interpreted within the simultaneous
contexts of users’ ability to successfully access the information, correctly understand and
interpret the information, and apply the information.

One overarching aspect of model transparency is the clear explanation of data un-
certainties. With this in mind, uncertainties are clearly explained in plain language in
conjunction with all outputs, including online tools and fact sheets in order to avoid misin-
terpretation and misapplication. Across all outputs, some uncertainties can be attributed
to underlying differences in the complex atmospheric modeling used in the GCMs. By
offering two models, we gave users a chance to explore a model that tends to produce
more extreme results, and a model that tends to produce conservative results. Additional
uncertainty stems from spatial limitations. As noted, all model outputs are at 20 km resolu-
tion. Especially in areas of complex topography, growing conditions can vary enormously
across areas of this size. As such, users are reminded to consider their local microclimate.
Uncertainties inherent to short-term variability in weather are inherent to agriculture.
While averaging across decadal or multi-decadal time periods helps smooth data for the
purposes of highlighting long-term trends, users are cautioned that short-term variability
will nonetheless play a large role in year-to-year gardening and farming outcomes.

All of the tools developed during this research were intended to improve the current
state of information readily and easily available to Alaska gardeners. For example, with
regard to the season length tool, many seeds offer estimates of how many days the crop
may take to mature. Typically, planting guides refer to “last frost” in spring and “first
frost” in fall, implying daily minimum temperatures of 0 ◦C (32 ◦F). By offering additional
thresholds, our tool allows for more flexibility in considering cold-hardy crops that may
be harvested only when a hard frost is reached (28 ◦F), or more delicate crops that cannot
effectively grow when temperatures are below a higher threshold. Such plants might be
kept as starts in a greenhouse until a later planting date, and harvested earlier. Moreover,
the results show that season length is increasing statewide. In many regions, longer frost-
free seasons may make it possible to plant crops that were not previously suitable for the
region.

Very little information on GDD is currently available to gardeners who do not read
the scientific literature. Understanding GDD and knowing the approximate number of
growing degree days that can be expected in an area, for a given baseline temperature, can
help gardeners plan what to plant, and what not to plant, especially when the length of
the frost-free season does not provide enough information. For example, with a baseline
temperature of 50 ◦F and over 2000 GDD necessary for maturation, corn is not likely to be
successful in most parts of Alaska, even though many varieties can mature in only 60–80
days, given enough heat. However, the results indicate that GDD is shifting rapidly and
dramatically statewide, with values projected to double or even triple by the end of the
century. This may prove a productive avenue for additional study and seed trials.

Both the Annual Minimum Temperature tool and the Hardiness Zone Maps offer
important information for those who are interested in perennials, such as fruit trees and
shrubs, which have to be hardy to survive Alaska winters. Many cannot withstand tem-
peratures below certain thresholds—but model results make it clear that these thresholds
are changing rapidly statewide. The results suggest that many perennials that were not
suitable to Alaska may soon become potential crops in large areas of the state. This may
prove to be an important area for further research and experimentation. However, tool
users are reminded that “cold hardiness” is just one gauge of whether a crop is suitable to
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a particular region. Many other factors affect winter survival, such as the insulating value
of snow, the moisture content of the ground, the presence or absence of permafrost, and
the number of freeze–thaw cycles that occur. Future versions of this tool may include some
of these factors.

Alaska’s peony growers may see both gains and losses due to climate change. Winters
are likely to remain cool enough for peony dormancy, while growers in other parts of the
world may find challenges in this regard. This may provide some local advantage. Using
the Growing Season tool to look at the 32 ◦F threshold can help to provide an estimate of
when peonies are likely to break dormancy in the future in communities around Alaska.
However, late springs and cool summer weather are better for Alaska’s peony growers
for two reasons: first, because such conditions promote healthier flowering, and second,
because they promote later flowering, which allows Alaska to capture the late-season niche
market. Given the results obtained by Holloway et al. [28–30], using the Growing Degree
Days tool to plan for peony growth once buds have emerged is likely to be more effective
than using the Growing Season tool. For peony farming, as late springs and cool summers
become more elusive, growers may need to adapt. This may be hardest for those who
already farm in regions of the state that are warmest in the summer, such as Fairbanks.
For new growers who have yet to invest in land, picking cooler parts of the state may be
practical if relocation is possible, or selecting cooler sites within a community—such as
north-facing slopes—might aid at the local level. New storage methods for cut blooms can
also extend the season for sales.

Taken together, the outcomes of this research, as well as the feedback received by tool
users, point toward potential refinements in tool development as well as many new possible
avenues for expansion of Alaska’s agricultural potential at the local scale. Especially in the
context of climate-related agricultural uncertainty, challenges in other regions and possible
climate-related needs for greater local autonomy (due to disruptions in supply chains
and/or reduced use of fossil fuels for transportation of crops), and the need to diversify
Alaska’s economy, such new opportunities for farms and gardens, may prove important
areas for further study and development.

Supplementary Materials: The Alaska Garden Helper tool described in this article is available online
at https://www.snap.uaf.edu/tools/gardenhelper/ (accessed 3 October 2021).
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Abstract: A knowledge ecosystem is a collection of individuals and organizations who are involved
in the creation, management and dissemination of knowledge, both in the form of research and lived
experience and teaching. As is the case with ecosystems more generally, they thrive on variation and
diversity, not only in the types of individuals and organizations involved but also in the roles that they
play. For many decades, the northern knowledge ecosystem in Canada was dominated and controlled
by Western scholarly approaches and researchers based in academic institutions outside the North.
More recently, this research landscape has started to change, largely in response to the efforts of
Indigenous peoples and northerners to realize greater self-determination and self-government. Not
only have these changes led to the development of research and educational capacity in the North,
but they have also changed the way that academic researchers engage in the research process. The
keys to maintaining the future sustainability and health of the northern knowledge ecosystem will be
encouraging diversity and balance in the research methodologies and approaches used to generate
knowledge about the North and ensuring that the needs and priorities of northern and Indigenous
peoples are recognized and addressed in the research process.

Keywords: knowledge ecosystem; north; research; education

1. Introduction

In March 2018, Inuit Tapiriit Kanatami (ITK), the national association for Inuit in
Canada, released the National Inuit Strategy on Research, a policy document that outlines
a vision for the future of research in Inuit Nunangat, the Inuit homeland in Canada [1].
It presents Inuit priorities for research conducted in their territories, including greater
Inuit oversight and control over research funding and projects and the information gen-
erated by those projects, so that research benefits Inuit communities and regions. It also
aims to build research capacity so that Inuit communities can lead and conduct research
without having to rely on researchers based at southern post-secondary institutions and
research organizations.

The National Inuit Strategy on Research is one example of how the northern knowl-
edge ecosystem is changing and adapting to the new realities created by the efforts of
Indigenous peoples to realize greater self-determination. In the circumpolar north, as in
many other regions of the world, the knowledge ecosystem, which consists of the indi-
viduals and organizations who are involved in all aspects of knowledge production and
dissemination, has been dominated by academic, state and corporate organizations and
actors. Historically, research was conducted without the consent or input of northern and
Indigenous peoples, often in ways that were inconsistent with their values and harmful
and disruptive to their ways of life. Although much has changed over the last several
decades, as Natan Obed, the President of ITK reminds us, “In this era of reconciliation,
research governance bodies, procedures, and practices must be transformed to respect Inuit
self-determination in research” [2].

The changes that are reshaping the northern research landscape are driven by both
internal and external forces but are ultimately the product of the efforts of northerners and,
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in particular, Indigenous northerners to exercise greater control over research conducted
in the North. These trends are not only happening in Canada, but across the circumpolar
north. Many in the academic community, especially the younger generation of academic
researchers, support such changes and have taken steps in their own research to collaborate
more extensively with northern and Indigenous communities in the research process
through the co-production of research and community-based participatory research. Others
have gone further by aligning their research with the cause of social justice and substantive
political and economic change.

Rather than present a defined body of research, the purpose of this article is to
reflect on the current and changing landscape of the northern knowledge ecosystem in
Canada. In addition to outlining, in a very general manner, the main elements of this
knowledge ecosystem, the article will consider the various roles that academic researchers
and educators can play in ensuring the sustainability and inclusiveness of this ecosystem
in the future. The northern knowledge ecosystem is complex and draws sustenance and
inspiration from a variety of sources. As is the case with any ecosystem, each actor,
large and small, contributes in some way to the sustainability of the whole. Sometimes,
these contributions go unnoticed or are underappreciated or misunderstood, but they are,
nonetheless, important to the ecosystem’s future viability.

As a non-Indigenous scholar at a small, northern post-secondary institution, my
perspectives on the northern knowledge ecosystem in Canada have been shaped by my
experiences living and working in the Canadian provincial north and travelling throughout
the Canadian Arctic and circumpolar north. They have also been informed by my research
on Indigenous self-governance and politics in the Canadian and circumpolar north and
by my involvement in several northern research and education associations. The views
represented in this article, however, are my own and do not necessarily represent the
opinions and perspectives of these associations.

This article is divided into two parts. Part one begins by considering the concept of a
knowledge ecosystem and then reviews the contours of the northern knowledge ecosystem
in Canada. Part two examines the opportunities and challenges confronting the northern
knowledge ecosystem and speculates about the ways in which it could evolve in the future.

2. Northern Knowledge Ecosystem in Canada

Thomson defines a knowledge ecosystem as “the complex and many-faceted system
of people, institutions, organizations, technologies and processes by which knowledge is
created, interpreted, distributed, absorbed and utilized” [3]. The concept has been used in
a variety of academic disciplines to describe the collection of individuals and organizations
who are involved in the creation, management and dissemination of knowledge, both in
the form of research and lived experience and teaching. As is the case with ecosystems
more generally, knowledge ecosystems thrive on variation and diversity, not only in the
types of individuals and organizations involved but also in the roles that they play in
ensuring the sustainability of the ecosystem as a whole. As anthropogenic climate change
has clearly demonstrated, the overwhelming dominance of one actor or force can have dire
consequences for ecosystem sustainability. The most sustainable knowledge ecosystems
draw strength from a variety of knowledge and perspectives that coexist in an open and
transparent forum.

Knowledge ecosystems exist in many different contexts and settings but tend to be
dominated by post-secondary institutions and independent research organizations in the
public, nongovernmental and private sectors. In the past, universities and other post-
secondary institutions have focused primarily on curiosity-driven research and teaching,
but more recently, they have been actively involved in a “third mission” that mobilizes
their considerable resources to address the pressing social and economic challenges facing
society [4]. Regional development has become a common theme of academic research and
teaching, especially in remote and peripheralized regions that typically lack knowledge
infrastructure and research capacity [5]. In this and other respects, the experiences of
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northern Canada and the circumpolar north are similar and relevant to those of other
remote regions such as northern Australia and Amazonia [6].

The northern knowledge ecosystem in Canada and other parts of the circumpolar
north is evolving in ways that suggest it is becoming more sustainable and diverse. For
many decades, research and knowledge about the North was dominated and controlled
by Western scholarly approaches and researchers based at academic institutions outside
the North. This research was disseminated mainly through academic publications and
reports that were inaccessible and not very useful to northern and Indigenous communi-
ties. Northern and Indigenous knowledge about the North, although known and used by
people living in the North, rarely informed wider discussions about northern conditions
and priorities, and government policies designed to address northern issues. Over the past
several decades, however, the research landscape has started to change. Universities and
colleges have been established in the North, providing opportunities for northerners to
access post-secondary education without leaving the North. This trend has been supported
and supplemented by online and remote programming; although the challenges of access-
ing the Internet in many remote, northern communities has limited the impact of such
programming. In addition to opening the North to the world, northern post-secondary
institutions focus their attention on the pressing issues and needs of the northern regions
and communities they serve. For example, they were among the first post-secondary
institutions to establish research and academic partnerships with northern and Indigenous
communities and, in doing so, started to challenge the existing orthodoxies around research
approaches and methodologies.

In certain respects, Canada has lagged behind other countries in the circumpolar north
when it comes to nurturing the development of post-secondary institutions in the North.
Countries such as Russia and Norway have invested heavily in educational infrastructure
and programming in northern regions, establishing world-class institutions of higher
learning in the Arctic. The educational landscape in Canada, however, has evolved over
the last several decades, starting with the establishment of universities in the provincial
norths (for example, the University of Northern British Columbia, University College
of the North in Manitoba and Université du Québec en Abitibi-Témiscamingue) and
then expanding to the territorial north. The recent transition of Yukon College to Yukon
University represents the first of a number of expected developments in post-secondary
education in the Canadian territorial north [7]. The establishment of Yukon University was
done in full consultation and partnership with Indigenous peoples in Yukon and was a
response to a longstanding demand from Yukon First Nations, dating back to the early
1970s, for a university in the territory [7]. The post-secondary landscape in northern Canada
is complemented and diversified by other educational institutions and opportunities such
as the Dechinta “bush university”, a land-based educational initiative that is run by the
Dechinta Centre for Research and Learning and recently received CAD 13 million in federal
funding over five years [8].

In Canada, the gradual expansion of post-secondary education in the North has
also led to the establishment of northern research institutes whose primary role is to
oversee research being conducted in particular region or territory by academic institutions
and organizations and to encourage northern-led research projects. An example is the
Aurora Research Institute in the Northwest Territories. In some cases, these institutes
have developed research ethics principles and protocols, similar to those at southern post-
secondary institutions, to monitor the research process and provide avenues for northern
and Indigenous involvement throughout. Northern focused institutes are also based in
“southern” institutions. These institutes facilitate the mobilization of significant research
capacity at large post-secondary institutions in the interests of northern research. Some
examples include Centre d’Études Nordiques at Université Laval in Québec City, UAlberta
North at the University of Alberta in Edmonton and the Arctic Institute of North America
at the University of Calgary. Some Indigenous communities and regions have established
their own research institutes and ethics processes to provide oversight of and approval for
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the research being conducted in their territories. Examples from Inuit Nunangat include
the Nunatsiavut Research Centre, the Nunavik Research Centre and Inuit Qaujisarvingat
(the Inuit Knowledge Centre), which is connected to ITK. For Indigenous governments
and organizations, this represents an important and necessary step towards building
critical research capacity and infrastructure, focusing attention on issues and topics that
are important and meaningful to Indigenous communities, ensuring Indigenous control
over the data generated by research and, ultimately, contributing to the self-determination
of Indigenous peoples [2].

While researchers at post-secondary institutions outside the North still dominate
research agendas and funding competitions, they are increasingly doing so in partner-
ship with northern and Indigenous organizations and communities. Co-production and
community-based participatory research have become regular and, in some cases, expected
methodological approaches to conducting research in the North. Many academic re-
searchers, especially early-career scholars, view research as a partnership with Indigenous
rights-holders and northern stakeholders and invest time and energy in relationship-
building prior to starting the research. Such investments often lead to research projects and
agendas that respond to northern and Indigenous priorities.

Post-secondary institutions and other research organizations based outside the North
have also supported northern development through research and pedagogical program-
ming designed to strengthen the capacity of northern and Indigenous communities. One
of many examples is the Community-Based Teacher Education Program, a partnership
between the Faculty of Education at Memorial University, the Labrador Institute, the
Nunatsiavut Government and other local organizations. The aim of the program is to focus
on primary and elementary teacher education in a northern and Indigenous context in
order to enhance Nunatsiavut’s educational capacity [9]. In addition to reaching out to
northern regions and communities, post-secondary institutions have also started to address
longstanding and entrenched systems of colonization by reforming their internal structures
and processes and engaging in processes of Indigenization as part of a broader effort to
create a more inclusive academic environment that respects and values Indigenous ways
of knowing and being [10].

The northern knowledge ecosystem is supported by a variety of organizations and
agencies, including governments, philanthropic organizations and academic associations,
which provide funding and other resources for research projects and initiatives. In Canada,
a considerable amount of funding for northern research is channeled through arms-length
government bodies such as the Tri-Council agencies: Social Sciences and Humanities Re-
search Council (SSHRC); Natural Sciences and Engineering Research Council (NSERC);
the Canadian Institutes of Health Research (CIHR). In the past, these agencies have been
accused of perpetuating exploitative and colonial research relationships; for example, indi-
viduals or organizations that are not based at a recognized post-secondary institution were
not allowed lead research projects as Principal Investigators (PIs). In a recent statement,
however, the SSHRC said that it is “committed to supporting and promoting research by
and with Indigenous peoples. This commitment emphasizes the importance of Indige-
nous perspectives and knowledge systems to increase and expand our knowledge and
understanding about human thought and behaviour in the past and present, as well as the
future” [11]. This commitment is supported by other initiatives such as the Tri-Council
Policy Statement: Ethical Conduct for Research Involving Humans—TCPS2 (2018) [12].

The Tri-Council agencies’ funding mandate is broad and extends beyond the North.
Other government agencies and programs, however, focus specifically on supporting
northern research and knowledge production and dissemination. Polar Knowledge Canada,
which falls under the jurisdiction of Crown–Indigenous Relations and Northern Affairs
Canada, “is responsible for advancing Canada’s knowledge of the Arctic, strengthening
Canadian leadership in polar science and technology, and promoting the development
and distribution of knowledge of other circumpolar regions, including Antarctica” [13]. It
operates the Canadian High Arctic Research Station (CHARS), in Cambridge Bay, Nunavut,
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an important part of Canada’s Arctic research infrastructure. (Other important northern
and Arctic research stations include the Churchill Northern Studies Centre in northern
Manitoba and the Labrador Institute Research Station in Newfoundland and Labrador).
Polar Knowledge Canada also houses the Northern Scientific Training Program (NSTP), a
research funding program for students doing fieldwork in the North.

There are a number of Canadian academic associations focused on northern and
Arctic research and education, including the Association of Canadian Universities for
Northern Studies (ACUNS) and ArcticNet. Although the specific mandates and foci of these
associations differ, they share a commitment to promoting research and knowledge creation
in, about and with the North and play a critical role in connecting the various actors within
the northern knowledge ecosystem. For over 40 years, ACUNS has served as a network for
post-secondary institutions engaged in northern research and education. It has supported
the next generation of northern researchers through its administration of grants and other
funding opportunities for students and early career scholars and engaged in outreach
to northern and Indigenous organizations to learn about and promote their research
priorities [14,15]. It recently unveiled a new five-year strategic plan that is designed to align
its goals more closely to the changing northern knowledge landscape [16]. Research and
education in the North are further supported by philanthropic and charitable organizations,
such as the Walter and Duncan Gordon Foundation, the W. Garfield Weston Foundation
and, most recently the Mastercard Foundation. In addition to targeting northern research in
their funding portfolios, their activities also support the development of northern research
infrastructure and encourage collaborations between organizations, decision makers, rights-
holders and stakeholders. These organizations often work in partnership with academic
associations, post-secondary institutions and government agencies.

We should also remember that the northern knowledge ecosystem in Canada does not
exist in geographic isolation; it is connected to circumpolar and international networks of
institutions, associations and organizations involved in northern research and scholarship.
One of the clearest examples of such a network is the University of the Arctic (UArctic), a
consortium of over 200 post-secondary institutions, research institutes and other organiza-
tions. The UArctic promotes education and research in an about the North by building and
strengthening “collective resources and infrastructures that enable member institutions to
better serve their constituents and regions” [17].

As with any ecosystem, the northern knowledge ecosystem in Canada is dominated
by large entities which leave a significant footprint on the landscape. It is important to
remember, however, that all of these entities are comprised of individuals who perform
multiple roles and contribute different forms of knowledge. This includes local knowledge
holders who have experience living and working in the North, as well as individuals who
have more formal educational and research training. I want to focus on one group of
individuals—post-secondary educators—as a means of dispelling some myths about their
place within the northern knowledge ecosystem. In the past, educators, especially those
based in the South, have been derided as agents of colonization or as esoteric “experts”
holed up in their ivory towers and far removed from the issues and challenges facing
northerners. Neither of these myths are true anymore. In fact, the vast majority of educators
are dedicated to supporting and helping the North and its inhabitants. With the growth of
northern post-secondary institutions and research organizations, some are residents of the
North and are active in the life of the communities where they live. Those who live outside
the North often spend significant amounts of time and effort building relationships with
northern communities, conducting research that is beneficial to the North and volunteering
for the organizations and associations discussed earlier, whose mandates are to promote
research and education in the North and improve the lives of northerners.

One of the most important roles played by post-secondary educators and, indeed, one
that is often overlooked is to inform post-secondary students and the broader public about
the issues confronting the North. The vast majority of Canadians have never travelled to,
let alone having lived or worked in, the North and have little or no knowledge about the
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challenges and opportunities facing northern and Indigenous communities. The concerns of
the North tend to get lost in the political and popular discourse, which is often dominated by
the issues that are important in larger urban centers in the South. Post-secondary educators
whose research focuses on the North are involved in educating students about the North
and why it is important. It may seem like a very small and inconsequential act compared
to the important work being done in the North by organizations and governments but
raising awareness about the North among students, a group of people who will be the
country’s future political leaders, businesspeople, activists and citizens, will pay dividends
in the years ahead. The impact of post-secondary educators also extends beyond academia.
They are often called upon by the media to provide analysis of issues and events that are
affecting the North. In doing so, they are able to reach a much wider audience of people
who otherwise would not be aware of what is happening in the North. By engaging in
public discourse about the North, post-secondary educators contribute to a broader and
much-needed national dialogue about the changes that are taking place in this important
region and the implications for Canada and Canadians [18].

3. The Evolving Northern Knowledge Ecosystem: Drivers, Challenges and Opportunities

The changes we are seeing in the Canadian North with regards to research and
education are being driven by a number of developments. Perhaps the most significant of
these is connected to the efforts of Indigenous peoples to realize greater self-determination.
At its heart, self-determination is about exercising control over one’s destiny. Usually,
we think of it in political or economic terms, but it could also easily be characterized
in terms of regaining control over knowledge and knowledge production. International
treatises such as the United Declaration on the Rights of Indigenous Peoples (UNDRIP)
and, in Canada, the recommendations and findings of the Royal Commission on Aboriginal
Peoples and the Truth and Reconciliation Commission’s Calls to Action provide the moral
and legal impetus for changes in the relationship between Indigenous peoples and the
State and broader society that will allow Indigenous peoples to self-determine. At the level
of research and education, they provide general guidance on the appropriate behaviour
and conduct of non-Indigenous researchers working with Indigenous communities. They
have also informed other parts of the northern knowledge ecosystem by initiating changes
in the ways that governments, organizations, and funders develop and administer their
research support programs.

Over the past five decades, northern Indigenous peoples have negotiated and signed
comprehensive land claims agreements (treaties) that have provided them with resources
and the authority to exercise greater control over activities taking place in their territories.
Although these agreements do not allow northern Indigenous peoples to exercise full
sovereignty, they have been able to establish governance institutions that allow for greater
regional and local autonomy. In doing so, many have established research infrastructure to
oversee, encourage and conduct research that is important to their communities and regions.
Researchers are now not only required to gain local approval for research projects well in
advance of the commencement of the research, but they are also strongly encouraged to
co-create research projects in close consultation with local communities and organizations.
This new institutional framework is often supported and encouraged by research ethics
boards at post-secondary institutions and by the major funding agencies as a precondition
of their approval of research projects [19]. As a result of these changes, we have seen a
profound shift in attitudes on the part of academic researchers from being in control of
the research process from start to finish, to co-producing research with local partners and
conducting research that meets the needs of communities.

The changes taking place in the northern knowledge ecosystem raise some interesting
questions about its future purpose and direction. Since colonization, the research process
has been controlled by outsiders to the North and curiosity-driven research based on
Western methodological approaches and critical inquiry has been at the centre of academic
endeavours. Although this research has produced valuable insights on the North, its
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peoples and environments, in some cases, it has been conducted in ways that have been
disrespectful and even harmful to northerners. The changes outlined above have started to
ensure that such research practices do not continue; however, we also need to be careful
that the pendulum does not swing too far to the other end of the spectrum, where research
is being conducted purely to serve the needs and expectations of a particular group or
organization. As Alcantara, Lalonde and Wilson have argued:

Academic researchers walk a fine line between getting to know the communities and
regions they study (and supporting those communities and regions by trying to understand
and reflect on their issues and problems) and maintaining a sufficient distance from those
communities so that they can preserve a level of autonomy and reflection that is important
to producing diverse and useful knowledge [20].

Balancing community-based and community-driven research with the academic free-
dom to pursue curiosity-driven research will be a difficult and increasingly contentious task
in the future [19]. There is both room and a need for both types of research. Community-
based research provides an important local perspective and involvement in the research
process and works well for projects that aim to address or bring attention to local needs
or issues. It is often imbued with a sense of social justice that seeks to shed light on and
address the historical injustices suffered by Indigenous and northern communities at the
hands of the settler state and its agents. Other forms of research, however, might be better
suited to western-based methodological approaches; for example, comparative studies that
are truly circumpolar in scope and compare and contrast developments in different regions
of the Arctic, thereby yielding important information and insights for both communities
and researchers. Such research can reveal important observations on a range of topics
affecting northern communities and peoples, as well as innovative solutions to similar
problems that have been experienced in other jurisdictions. In the future, we are likely to
see research that employs elements of both western and Indigenous approaches. However,
to do so, “some type of ‘translation bridge’ is needed to narrow epistemological gaps and to
recognise and respect the distinctiveness, context, and origins of [Indigenous] knowledge
when used alongside Western science” [19].

The northern knowledge ecosystem is home to researchers from a variety of disciplines,
including those in the natural and physical sciences, social sciences, health sciences and
humanities. For many years, the natural and physical sciences have dominated research
in the North, both in terms of the number of research projects and the amount of research
funding. In certain respects, this is understandable, given the fact that research projects in
these disciplines usually require more expensive equipment and travel to remote locations
far away from communities. The imbalance in focus and funding, however, has been
recognized by academic associations such as ACUNS, as well as northern organizations
such as ITK which are trying to build research capacity and use research as a means
to address some of the pressing socioeconomic issues facing people living in northern
communities [1,14,15]. As the National Inuit Strategy on Research has noted: “The current
investments in Inuit Nunangat research reflect a biological-physical science research bias
that diminishes the prominence and attention given to other Inuit research priorities, such
as health and social science” [1].

Addressing the myriad socioeconomic challenges facing northern and Indigenous
communities will require insights from a variety of experts, including people working for
non-governmental and community organizations in the North, governments at all levels
and academics trained in the social and health sciences and humanities. With the increasing
involvement of Indigenous and northern communities and organizations in the research
process, there will not only be a need to refocus research on the pressing social, economic
and political issues facing the North, but also to break down the silos that exist between the
different disciplines. In the academic world, we are already seeing this shift taking place,
with many research projects now incorporating interdisciplinary approaches that include
the natural scientists and social scientists. However, as is the case with the involvement
of Indigenous peoples in the research process, it is critical that such collaboration occurs
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from the outset of the project, rather than as an afterthought once the project is designed
and underway.

4. Conclusions

The northern knowledge ecosystem in Canada is an incredibly complex and organic
entity that has evolved over time to include many different actors. It consists of a variety
of organizations and individuals, often with different agendas and perspectives on the
research process, but with a general interest in promoting the creation and dissemination
of knowledge about the North. While it has been historically dominated by southern-
based academics and academic institutions, in the last couple of decades, this knowledge
ecosystem has become more diverse and complicated, largely due to the political and
social changes taking place in the North and the resulting demands from northern and
Indigenous organizations and peoples for greater involvement in and control over research
and education. Generally speaking, academics have responded to these calls by modifying
their research methodologies to recognize northern and Indigenous demands for more
inclusive and respectful research. Some may feel that the pace of change is too slow or
not sweeping enough, but for those who have watched the development of the northern
knowledge ecosystem over the last decade or so, it is clear that important changes have
occurred and that a new equilibrium is emerging which values and integrates non-Western
perspectives, alongside and in partnership with Western research approaches and empha-
sizes interdisciplinary and cross disciplinary research. Such diversity is key to the future
sustainability of the northern knowledge ecosystem, but more work needs to be done to
build the “translation bridge” between different research approaches. The academic com-
munity must continue to work with northern, and Indigenous organizations and peoples
to ensure that their needs and priorities are reflected in the research process and outcomes.
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Abstract: This perspective presents a statement of the 10th International Congress of Arctic Social Sci-
ences Indigenous Knowledge and knowledge co-production panel and discussion group, 20 July 2021.
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advancement of Indigenous Knowledge and knowledge co-production in the Arctic. It identifies
existing challenges and provides specific recommendations for researchers, Indigenous communities,
and funding agencies on meaningful recognition and engagement of Indigenous Knowledge systems.
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1. Introduction

Indigenous Knowledge and knowledge co-production are central for both research
and policymaking in the Arctic, now and in the future. The International Arctic Social
Sciences Association (IASSA), a professional society that brings together social scientists,
humanities and Indigenous scholars, has long elevated the Indigenous Knowledge systems
in its agenda. In 2017 IASSA adopted a statement on the Indigenous Knowledge and in
2021 it revised its Principles and Guidelines for Conducting Ethical Research in the Arctic
to ensure productive and equitable engagement of Indigenous Knowledge, unconditional
adherence to principles of Indigenous data and knowledge sovereignty and commitment to
decolonizing research through knowledge co-production. IASSA members continued this
work, and these efforts culminated in developing a new vision for Indigenous Knowledge
engagement and co-production in the Arctic that is discussed below.

2. Indigenous Knowledge Is Key to Understanding Natural and Social Systems in the Arctic

On 20 June 2021, the International Congress of Arctic Social Sciences (ICASS X) hosted
a plenary and other sessions devoted to the Indigenous Knowledge and research in the
Arctic. The panelists and presenters have developed the following statement.

The Indigenous Peoples are the original Arctic researchers who hold unique knowl-
edge, grounded in multigenerational experiences, of land and environment. This knowl-
edge is time tested and implies deep understanding of the Arctic environment, socioe-
conomic systems, and human-environment relations. Indigenous Knowledge provides
a foundation for individual and collective well-being of past, present, and future gen-
erations of Arctic Indigenous Peoples. Indigenous Knowledge systems have their own
ontologies, epistemologies, and methodologies, and possess internal validation principles
and processes based on reciprocity and respect. Indigenous Knowledge is key to accurate
interpretation of dynamics in the natural and social systems in the Arctic. Science and
policy that are not inclusive of the Indigenous Knowledge cannot be considered adequate to
address the Arctic Peoples’ needs. A major advancement in Arctic science will be achieved
through Indigenization of Arctic research.

While working with Indigenous communities, one has to be mindful of the systemic
trauma they have experienced in their history, and allow time, and channel resources so
that these communities can heal and reconcile with their land, histories and languages that
were disrupted due to colonization.

3. Co-Production Must Become a Priority

In order to ensure the vitality of Indigenous Knowledge systems and to improve the
quality and relevance of Arctic research, collaborative efforts across disciplines under the
guidance of the Indigenous Knowledge holders must become a priority, and knowledge
co-production must be seen as central for Arctic research. Co-production must be based on
ethical, equitable, meaningful and mutually beneficial engagement of knowledge systems
that is embedded in Indigenous rights, recognition of Indigenous Knowledge sovereignty
and ownership. Co-production must be recognized, promoted and supported by funding
agencies, academic institutions, and researchers regardless of their discipline, area of
research and affiliation.

Co-production should imply co-identification of research needs, co-creation of research
ideas, co-design of research questions, co-definition of research objectives, co-development
of research programs, co-authorship of research results, co-implementation of research
projects and co-evaluation of research outcomes. Co-production must ensure that Indige-
nous and non-Indigenous research partners share a common vision of what these, and other
terms, mean in the research process. In addition to being based on co-production, Arctic
research must also make room for Indigenous Peoples’ knowledge systems to stand on
their own without being validated by research partnerships with non-Indigenous scholars.

Finally, co-production should generate practical results important for Indigenous
communities. It is important to acknowledge that these processes take time.
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4. Practical Steps to Be Taken Now

To take steps towards achieving the above goals, we recommend the following: Recog-
nize and respect Indigenous Knowledge in understanding natural and social systems in the
Arctic including the importance of data sovereignty, intellectual property and ownership
by Indigenous rights holders.

• Support the Indigenous Peoples to identify, define, research and act upon their own
research priorities and methodologies, for example by providing financial, organiza-
tional and institutional capacities.

• Enable and encourage development of equitable relationship and understanding
between the Indigenous Peoples and researchers necessary to co-create meaningful,
relevant research guided by Indigenous Knowledge and societal values.

• Focus on reciprocal, mutually enriching capacity building between researchers and
Indigenous communities:

- this includes building capacity among researchers to recognize Indigenous rights
and fully engage Indigenous Knowledge in Arctic research.

- engaging Indigenous youth and elders to have an active role in knowledge production.

• Encourage research institutions and funding agencies to support and enable meaning-
ful collaboration at all stages of research projects in the social and natural sciences and
humanities to meet the expectations of knowledge co-production.

• Urge funding agencies to provide research-planning (seed) funding, flexible funding,
and long-term funding options to researchers and Indigenous organizations to estab-
lish, build, and maintain relationships with Indigenous communities and to lay the
foundation for knowledge co-production prior to actual research.

• Recommend that research institutions and funding agencies engage and support
Indigenous Peoples to evaluate the research before, during and after the research to
ensure that the research is progressing in a way that meets their needs.

• Prioritize collaboration, co-creation, Indigenous-led projects and capacity building
research initiatives in funding calls and in the project selection process.

Finally, recognizing sustained commitment and extensive work that the International
Arctic Social Sciences Association (IASSA) has done to advance the role of the Indigenous
Knowledge in Arctic research and promote knowledge co-production, it is important to
continue by focusing on:

• facilitating the equitable and ethical application of Indigenous Knowledge and engage-
ment of Arctic Indigenous communities by developing guidance to the international
research community in all aspects of Arctic science and research.

• working on creation of intellectual space for Indigenous Knowledge holders at inter-
national fora.

• further engaging Indigenous Knowledge holders in IASSA.
• developing internal IASSA strategies, structures and resources to establish a support

system of Indigenous Knowledge holders within the IASSA, e.g., an Indigenous
Knowledge Working Group.

5. Conclusions

Diverse Indigenous Knowledge systems in the Arctic are critical for ensuring the well-
being of Arctic communities and ecosystems. They are central for accurate interpretation of
the natural and social dynamics in the Arctic. Equitable engagement and co-production
are the primary mechanisms for decolonizing and Indigenizing Arctic research and policy-
making that will secure a sustainable Arctic tomorrow. Attaining these goals will take a
collective effort and individual commitment. The authors and IASSA are determined to
continue this work. Ultimately, we call on individual researchers to ask themselves: what
can I do to make this happen?
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Abstract: Academic research plays a key role in developing understanding of sustainability issues in
the Canadian Arctic, yet northern organizations and governments struggle to find research that is
relevant, respectful of local interests, and that builds local capacity. Northern science and research
policies communicate expectations for how research should be prioritized, planned, conducted,
and disseminated. They discuss northern leadership of research and outline the diverse roles that
northerners and northern organizations could fill in research programs and projects. Many of these
documents are founded on the need for research to improve environmental, economic, and social
sustainability in the Canadian North and provide insight into how academia can support a northern-
led Arctic sustainability research agenda. The goal of this study is to examine northern research-policy
documents to identify commonalities amongst the goals and priorities of northern organizations
and their shared expectations for research in northern Canada. The objectives are to understand
how organizations expect researchers to engage in and conduct research, how research programs
can align with northern science policy objectives, and how academic research can support policy
and decision-making related to sustainability. Through a quantitative content analysis combined
with a qualitative thematic analysis, this comprehensive review examines research policy, strategy,
guidance, and program documents produced by northern and northern-focused governments and
Indigenous organizations. Relationships, partnership, and communication are the foundations of
relevant and applicable research, requiring both resources and time for local and partner participation.
Our analysis shows that researchers should consider potential policy applications for sustainability
research early on in the development of research projects, ensuring that relevant local and policy
partners are involved in designing the project and communicating results.

Keywords: northern research policy; research governance; research priorities; Arctic; sustainability;
Yukon; Northwest Territories; Nunavut; Nunavik; Nunatsiavut

1. Introduction

Northern governments and organizations have identified the need for relevant re-
search, accessible results, and engagement with northern communities as they increasingly
focus on integrating evidence into decision-making [1–4]. Yet, northern organizations
and governments struggle to find research that is relevant and is developed in a way
that is respectful of local interests and builds local capacity [4–6]. Given the pressing
importance of sustainability issues in the Canadian North, academic research can play
a key role by contributing information to support sustainability transformations in the
region [7–9]. However, there are gaps in understanding the relationship between sustain-
ability research and practice, including how research can support sustainability policy and
decision-making [7].

Northern experiences of research have been widely documented on a local scale,
but not brought together as a whole in a way that enables a broad, transformative vi-
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sion for northern research [4–6,10,11]. There have been discussions within the scientific
literature about improving how northern research is conducted in terms of individual
projects [10–14]. However, the guidance and expectations coming from northern govern-
ments and organizations are generally not reflected within the academic literature; rather,
they are captured in policy documents and grey literature. Systematic and realist reviews
mainly capture themes and trends from available scientific literature based on literature-
database search protocols. This policy review seeks to contribute to a better understanding
of northern Indigenous, organization, and government perspectives on research policy
through a unique systematic approach to grey literature review.

There is a wide variety of organizations developing policies or providing guidance on
research in northern Canada. There are strategy, guidance, and program documents pro-
duced by northern and northern-focused governments, Indigenous, and non-governmental
organizations that discuss research policy. While there is a general discussion of research
in these documents that applies to both Indigenous and non-Indigenous northerners,
there is also an emphasis on research with Indigenous northerners, which is a result of
both the colonial history of research and the importance of Indigenous rights across the
North. Northern organizations often play a role in mediating how researchers engage
with northerners, and their research-policy documents outline how they would like those
relationships to unfold. Research-policy documents discuss northern leadership of research
and provide insight into the diverse roles that northerners and northern organizations fill
in research programs and projects. Through an analysis of these documents, we explore
how organizations define and guide research in the Canadian North and the anticipated
contributions of research to northern sustainability.

The goal of this study is to examine northern research-policy documents to identify
commonalities amongst the goals and priorities of northern organizations and their shared
expectations for research in northern Canada. The objectives are to understand how organi-
zations expect researchers to engage in and conduct research and how research programs
can align with northern science policy objectives. A related objective is to identify path-
ways for academic research to support policy and decision-making related to sustainability.
This analysis examines the governance structures, policies, priorities, and organizations
that guide, regulate, and interact with northern research. We identify themes related to
principles, priorities, and guidelines, as well as the different steps in the lifecycle of a
research project and the roles different actors play in research. It is clear that sustainability,
particularly in terms of climate change and resource development, is a priority for northern
regions. Research is identified as an important means of supporting sustainability transfor-
mations. Through this analysis, we provide insight into how academia can contribute to a
northern-led sustainability research agenda that supports evidence-informed policy.

2. Background

Over the past sixty years, the Canadian North has been the focus of several national
and international scientific programs and numerous government science strategies. Calls
for a more coordinated response across northern jurisdictions are motivated by the impacts
of resource development, sovereignty issues, and more recently, the impacts of increasingly
rapid environmental changes [15–19]. Since the 1970s, efforts have been made by academia
to articulate the need for a single unifying northern science policy that guides investments
in northern research [15,16,19]. Serious gaps in Canadian Arctic research were identified
in the 1990s [20], and from that realization, investments were made, including the Inter-
national Polar Year and a northern research chair program. These were opportunities to
build up northern research, invest in students, and develop robust research programs in
the North.

Historically, northerners have felt left out of research decision-making in their region.
Northerners, particularly Indigenous northerners, did not trust researchers due to a long
history of poor or no communication, misunderstanding, and extractive research [6,10,21,22].
This distrust of research is directly related to the colonial legacy in the North, including
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loss of control over decision-making, land, and other aspects of their lives [4,23]. Poor
communication and uneven power relationships have existed between researchers and
communities, which contributes to ongoing distrust of the contemporary discussion of
research and colonialism in the North [4,10,11,24–27]. The relationship between Indigenous
northerners and research has been fraught with issues, for example, research data and
results not being shared with participating communities, sensitive data being published
without consultation, and researchers not attributing Indigenous or local knowledge to
knowledge holders [4,22,23,28]. As Indigenous northerners have asserted governance and
leadership in the North, this tenuous relationship has begun to change, but there are still
uneven power dynamics.

The settlement of land-claim agreements and resulting self-government, co-management,
and other expressions of Indigenous control over resource and land management, have
influenced how northerners, in general, and Indigenous northerners, in particular, interact
with research. This evolution in governance is reflected in an emerging dialogue about
self-determination in research and a desire for control over both decision-making around
research and guiding how research is conducted [2,4,6,10,29,30]. Indigenous research is
intrinsically linked with governance, particularly control of the research agenda, whereby
“Indigenous research . . . is in itself an enactment of governance” [22]. Indigenous northern-
ers have used research to challenge colonial policy, defend land rights, and contest resource
development, often employing western academics and methodologies with Indigenous
values and knowledge [22]. Although there are gaps in opportunities for northern Indige-
nous scholarship [7], Indigenous northerners are asserting their role as leaders in northern
research [13,31–36]. There is a desire in the North for greater access to the necessary re-
sources and facilities to conduct and manage research locally [4,6,10,17,37]. This includes
support for research capacity for governments, co-management bodies, and institutes of
self-government as they pioneer new forms of governance in the North [22,36]. Through
the International Polar Year program, northern organizations saw opportunities to change
how research was being done, to build partnerships to further their own research priorities,
and to build northern research capacity through training and infrastructure [14,38–43].

2.1. Geographic Context

While there are many different ways to delineate the Canadian North [2,4,44,45],
the geographic focus of this policy analysis includes five regions in northern Canada:
Yukon, the Northwest Territories (NWT), Nunavut, Nunavik (the Inuit land-claim region
in northern Québec), and Nunatsiavut (the Inuit land-claim region in northern Labrador)
(Figure 1). We acknowledge that this excludes the northern provincial regions of British
Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Québec, and Labrador. Areas
of the provincial North often face similar challenges in relation to sustainability issues.
However artificial, political boundaries tend to frame policy jurisdiction, and thus, for the
purpose of this study, the three territories, along with Nunavik and Nunatsiavut, were
selected as our focus because they are most consistently included in pan-northern policies
and publications.

The five regions of focus are all large in land area but have small populations, often
with a majority clustered in the administrative capital while the rest of the population is
spread throughout smaller communities [44]. In Nunavut, Nunavik, and Nunatsiavut,
communities are mostly coastal and serviced by air and ship. In Yukon and the NWT,
there is a mix of access, including year-round road, winter road, boat, and air. The three
territories operate like provinces, with elected governments overseeing territorial programs
and services, although some control lies with the federal government. Federal control
of lands and resources was devolved to the Government of Yukon in 2003, giving the
Yukon similar powers to the provinces, and to the Government of the Northwest Territories
in 2014 [45–47]. Nunavut, which separated from the Northwest Territories to become a
territory in 1999, is currently in devolution negotiations with the federal government to
bring control of crown lands and resources to the territorial government [48]. Within the
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three territories, there are Inuit, First Nation and Métis land-claim and self-government
agreements. Nunavik and Nunatsiavut are Inuit land-claim regions within the provinces
of Québec and Newfoundland and Labrador, respectively.

Figure 1. Map showing regions of northern Canada included in study.

Although the five regions of focus have distinct differences in terms of governance,
cultures, and landscapes, they also experience similar challenges. Since the late nineteenth
to mid-twentieth century, colonial expansion, resource development, and exploration were
major sources of change across the northern regions in Canada. Colonization has had
serious impacts on northern Indigenous peoples and their ways of life, including moving
nomadic people into permanent settlements, forced relocations, land dispossession, the
removal of children to attend residential schools, the impacts of physical and sexual abuse,
intergenerational trauma, the loss of traditional cultures and languages, and the imposition
of western governance systems [27,49–52]. However, since the 1960s and 1970s, Indigenous
land-claim and self-government agreements have been driving innovations in Indigenous
governance to achieve self-determination [45,49,53–57]. Indigenous governance is enacted
in different ways across the North, and there are numerous different types of organizations
that arose out of land-claim processes, including Indigenous governments, corporations,
co-management boards, and institutes of public governance.

2.2. Organizational Context

Governance and responsibility over research in the North are spread amongst ter-
ritorial and provincial governments, Inuit, First Nations, and Métis organizations and
governments, federal agencies, academic institutes, non-governmental organizations, and
the private sector. All these different actors can play roles in setting policy, providing
guidance on how research should be done, distributing funding, and/or conducting re-
search [2,4,6,16,19]. Government, academic, non-profit, and consultant research have all
made considerable contributions to northern scholarship. Some research is being conducted
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by governments themselves or through consultants on behalf of governments or other
organizations. This research is usually done to answer a specific question and under direct
control of the contracting organization, and while some of it is tracked through research
licensing or public reports, much of it is not publicly available. Policy documents, however,
are a way of communicating needs, priorities, or expectations to those engaged in research
that is not directly controlled by the organization. Such policy documents are particularly
aimed at academic research, although they may be relevant to all types of researchers.

Historically, northern regions have relied on federal (or provincial) funding for science
activities; however, they have recently started taking a more active role in shaping northern
science by outlining expectations for research that is relevant, respectful, and solution-
oriented [4,6,58]. The three territories, as well as Nunatsiavut, have research licensing or
permitting processes that are designed to ensure that researchers consult with relevant
rights- and stakeholders and that research does not cause environmental or societal harm.
Research licenses provide an opportunity for northern governments, communities, and
researchers to negotiate relationships and influence decisions around research [10].

Across all five regions, there are northern academic and research institutes that play a
role in advancing northern science through their growing capacity to conduct and direct
research [6,17]. Along with the territorial and regional research centres, there are numerous
research stations across northern regions operated by universities, federal departments, and
other organizations that engage in conducting research or hosting visiting researchers, in-
cluding the Government of Canada’s Canadian High Arctic Research Station (CHARS). The
Canadian Network of Northern Research Operators (CNNRO) represents a membership
of 31 operators and 10 associate members that range from community-based organiza-
tions to government departments and university-run research stations (e.g., Kluane Lake
Research Station, Polar Environment Atmospheric Research Laboratory, Centre d’études
nordiques) [59]. Across the North, there are non-governmental organizations (NGOs),
often community-based, that are involved in conducting research (e.g., Ittaq Heritage and
Research Centre, Institute for Circumpolar Health Research, Yukon Wildlife Preserve, and
the recently closed Arctic Institute of Community-Based Research). There are also national
and international NGOs that maintain northern research offices, including the Wildlife
Conservation Society and the World Wildlife Fund. There are also a few research networks
that are currently or formerly active in northern research and that greatly influence the
research context. ArcticNet is a Network Centre of Excellence (NCE) focused on Arctic
research in Canada that has recently initiated a funding program to support northern and
Inuit-led research. The Canadian Mountain Network (CMN) is another NCE that is active
in northern mountainous regions and offers several funding streams based on different
modes of research, including Indigenous-led research.

2.2.1. Yukon

In Yukon, there are fourteen First Nations, eleven of which have settled land claims
and finalized self-government agreements [60]. There are also several transboundary
Indigenous groups from NWT and British Columbia with traditional territories and land
claims in the Yukon. Some Yukon First Nations have research or Indigenous knowledge
protocols and policies (e.g., Vuntut Gwitchin First Nation), and the Council of Yukon First
Nations (CYFN) also has a number of research-policy documents. The Government of
Yukon released their Science Strategy in 2016 and the Yukon Science Policy in 1986, both
of which set out goals for developing research capacity in the Yukon [3,61]. The Science
Strategy and online Compendium of Research and Monitoring are products of YG’s Office
of the Science Advisor, housed in the Executive Council Office [3]. The Yukon Scientist
and Explorer’s Act outlines requirements for research licenses, which are administered
by the Government of Yukon’s Department of Tourism and Culture [62]. The Act covers
the physical and social sciences, with the exception of archaeological research, which goes
through a separate permitting process. The Act applies to anyone “who enters the Yukon
to undertake scientific research” [63], while researchers based in the Yukon are not required
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to apply for a license. There are also several other permitting or permissions processes that
may be required in addition to a research license for research with wildlife, in parks or
protected areas, or on Yukon First Nations’ settlement lands. The Yukon is home to Yukon
University, which recently transformed from Yukon College in 2020, and hosts campuses
in most Yukon communities. The YukonU Research Centre, based in Whitehorse, is part of
Yukon University and is focused on conducting research in the Yukon and across the North.
There are also southern Canadian universities with Yukon-based headquarters, including
both the University of Alberta North (a Yukon University partner) and University of
Calgary’s Arctic Institute of North America, which runs the Kluane Lake Research Station.

2.2.2. Northwest Territories

Negotiation of Indigenous land claims and self-government agreements is ongoing in
the NWT, with many communities or regions having finalized their negotiations. Within
the NWT, there are Inuit, First Nations, and Métis rightsholders. The Dene Nation is a
coordinating organization that brings together First Nation governments in NWT, while
the Inuvialuit Regional Corporation (IRC) represents Inuvialuit. Several Indigenous gov-
ernments and land-claim organizations in NWT have research or Indigenous knowledge
protocols and policies, and some have research offices within their governments (e.g.,
the Dedats’eetsaa: Tłįchǫ Research & Training Institute [64]). The Government of the
Northwest Territories (GNWT) released a knowledge agenda in 2017 and a related action
plan, which are coordinated and led by the Senior Science Advisor, housed within the
Department of Environment and Natural Resources [1,65]. The knowledge agenda builds
off an earlier science strategy with the same broad research priorities [66]. GNWT has
a research partnership with Wilfrid Laurier University, which has offices in Yellowknife
and an active research program in the territory. Aurora College is the main postsecondary
institution in NWT, with campuses in several communities. The Aurora Research Institute
(ARI) is part of Aurora College and hosts research centres in Inuvik, Fort Smith, and
Yellowknife. ARI is mandated by the NWT Scientists Act to license and coordinate research
in the NWT [67]. They operate a research ethics board (REB), and any researcher applying
to conduct research with humans in NWT that is not going through a research-ethics
approval process with their home institution is required to go through the REB process at
ARI. The Dedats’eetsaa: T ch Research & Training Institute hosts Hotıì ts’eeda, a Strategy
for Patient-Oriented Research (SPOR) Support Unit funded by the Canadian Institutes for
Health Research (CIHR) and governed by NWT Indigenous governments.

2.2.3. Nunavut

Nunavut became a territory as part of a land-claim process, and Inuit rights are
recognized in the public government’s mandate and through Inuit institutions of public
governance [45,68]. The Government of Nunavut (GN) represents all Nunavummiut
(residents of Nunavut), while Nunavut Tunngavik Incorporated (NTI) represents Inuit
beneficiaries and is responsible for land-claim implementation and managing Inuit-owned
lands. Nunavut’s Scientists Act requires that researchers from all disciplines obtain a
scientific license unless they require an archaeological permit issued under the Nunavut
Act [69]. In addition to the research license, there are also separate permitting processes,
depending on the type of research (e.g., wildlife, water, parks). When conducting research
on Inuit-owned lands, a separate approval process is required through the relevant regional
Inuit associations in addition to the research license [68]. The Nunavut Research Institute
(NRI) administers the scientific research license in Nunavut, operates several research
stations, supports visiting researchers, and conducts research in the region. The NRI is part
of Nunavut Arctic College, Nunavut’s postsecondary institute that has campuses across
the territory and has recently partnered with Memorial University to provide degrees.
Nunavut-based NGOs like the Aqquimavvik Society and the Qaujigiartiit Health Research
Centre are actively involved in conducting research, as well as providing guidance on
research ethics and methodologies.
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2.2.4. Nunavik

Nunavik is a land-claim area in the northern part of Québec and was the first of
the four Inuit regions to sign a modern land-claim agreement as part of the James Bay
and Northern Québec Agreement (JBNQA) in 1975. The Kativik Regional Government
is a product of the JBNQA and is responsible for providing public services to the region,
while Makivik Corporation is the land-claim organization established to represent Inuit
beneficiaries [70]. Nunavik does not have a research license, but Makivik Corporation
is currently leading the development of a regulatory system for research in the region.
Makivik operates the Nunavik Research Centre based in Kuujjuaq, which collaborates
with northern organizations and southern academic institutions to respond to research
questions that directly link to community priorities and to support policy development by
Makivik Corporation [71]. Université Laval also has two research stations in the region as
part of its Centre d’études nordiques.

2.2.5. Nunatsiavut

Nunatsiavut is an Inuit land-claim and self-governing region within Newfoundland
and Labrador. The Inuit of northern Labrador negotiated the Labrador Inuit land-claim
agreement and self-government at the same time, resulting in the Nunatsiavut Government
(NG) [70,72]. The NG is actively engaged in conducting research and regulates research
through an advisory committee that reviews all proposed projects [73,74]. The Nunatsiavut
Government operates the Nunatsiavut Research Centre in Nain, which hosts field and
lab-based research conducted by NG staff, collaborators, and visiting researchers [73].
Memorial University is engaged in research partnerships in the region, particularly through
the Labrador Institute and the School of Arctic and Subarctic Studies based in Happy Valley-
Goose Bay.

2.2.6. Government of Canada

Even with devolution, the federal government still plays a key role in northern policy
and programming, including through science, health, Indigenous services, and economic
development. Science, resource development, and sovereignty issues have preoccupied
federal government interest in the North for many years, leading to a range of political
strategies and initiatives [45,75]. The current elected Government of Canada has developed
an Arctic Policy Framework (APF), which replaces the previous federal government’s pol-
icy document, Canada’s Northern Strategy, and the Statement on Canada’s Arctic Foreign
Policy [48,76,77]. The APF provides overarching direction to the Government of Canada
on priorities, activities, and investments in the Arctic, with a vision to 2030 [77]. Polar
Knowledge Canada (POLAR), established to replace the Canadian Polar Commission, is
the department that represents and coordinates the Government of Canada’s Arctic science
interests. They also facilitate a networked approach to northern research by bringing
together other northern research centres and organizations. POLAR operates CHARS,
provides research-project funding, and administers support for student research through
the Northern Scientific Training Program [78]. The CHARS campus in Cambridge Bay,
Nunavut is home to POLAR staff and visiting federal and academic researchers. There
are numerous other federal government departments involved in administering, conduct-
ing, or supporting Arctic science, including Environment and Climate Change Canada,
Health Canada, Natural Resources Canada (Polar Continental Self Program), and Crown-
Indigenous Relations and Northern Affairs Canada (Northern Contaminants Program and
Climate Change Preparedness in the North).

2.2.7. National Indigenous Organizations

Inuit Tapiriit Kanatami (ITK) is the national organization that represents Inuit in
Canada and works closely with the four Inuit regions that make up Inuit Nunangat (Inuit
homeland within Canada): Nunavut, Nunavik, Nunatsiavut, and the Inuvialuit Settlement
Region (in NWT) [79]. ITK’s focus is on advocacy, research, outreach, and policy guidance
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on issues affecting Inuit, with a particular focus on Inuit relations with the Government of
Canada [80]. ITK is engaged in science policy by advocating for better research practices,
relationships, and outcomes within Inuit Nunangat. Research is one of ITK’s current
priority areas, and they have developed a National Inuit Strategy on Research (NISR) [4],
among other research-guidance documents [49,81–84]. Self-determination in research is
the backbone of the NISR, and the four Inuit regions have been directly involved in its
development and implementation [4]. Through their own research programs, they support
research in key topic areas, including health, education, and climate change. ITK has also
played an important role advising ArcticNet, where they were instrumental in establishing
Inuit research advisors. The Assembly of First Nations (AFN) represents First Nations in
Canada nationally. They are involved in political advocacy but also play a coordinating role
for First Nations on a number of issues. The First Nations Information Governance Centre
(FNIGC) is an organization that promotes data governance in relation to First Nations,
specifically the ownership, control, access, and possession (OCAP) principles. Although
no longer operating, the National Aboriginal Health Organization (NAHO) also produced
several documents promoting data governance for Indigenous Canadians. The NAHO
had First Nations (FNC-NAHO), Métis (MC-NAHO), and Inuit centres (IC-NAHO) that
addressed issues particular to each Indigenous group.

2.3. Sustainability Context

Arctic sustainability is a growing research area that aligns with many of the priorities
articulated by northern governments and organizations. Yet, despite the numerous contri-
butions this research area has already made, there are still big gaps in our understanding
of sustainability in the Arctic [85]. A broadly accepted definition of sustainability includes
meeting the needs of today without compromising the future [8,9,86,87]. However, there is
no clear definition of what that means specifically for the North; it can have different mean-
ings depending on the context of the discussion and the perspective of those involved [9,88].
Sustainability frameworks include several dimensions of sustainability, including socio-
cultural, economic, environmental, and institutional [8,9,89]. Indigenous sustainability
frameworks incorporate holistic approaches to sustainability, emphasizing cultural values
that are not necessarily inherent in western scientific-sustainability paradigms [88,90].

Research that supports sustainability is a core goal shared by diverse organizations,
despite differences in some of their specific sustainability priorities [1,66,91,92]. In northern
research, sustainability is often linked with wicked problems characterized by long-term
and complex interactions, such as climate change, resource development, health and well-
being, impacts of colonialism and residential schools, and economic development [7,86].
Whereas these broad priorities are shared across the North, communities and regions have
their own specific challenges and priorities, such as waste and water management, infras-
tructure, food or energy security, safe and healthy communities, housing, and economic
diversity [1,8,86]. Although there is general agreement that environmental, sociocultural,
and economic sustainability are important end goals for research, there are still knowledge
gaps around how to achieve these transformations.

Northern governments and organizations have declared their interest in moving to-
wards a science-policy framework that is informed by northern priorities and produces
research that supports policy development, decision-making, and local action for envi-
ronmental, sociocultural, and economic sustainability. The policy documents included in
this analysis emphasize the importance of research that aligns with local needs, benefits
local communities and regions, and produces research outcomes that improve the lives of
northerners or affect broader change. In northern Canada, scientific knowledge is not the
only type of evidence used in decision-making. “openness to alternative epistemologies
creates a space for envisioning a future that is different from the present” [93]. Putting
Indigenous knowledge at the forefront of policy development promotes resiliency in north-
ern communities and prepares them to adapt to change. Indigenous knowledge is valued
by the territorial governments as equal to scientific knowledge and has an equivalent role
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in informing evidence-based policy [1–3]. Sustainability transformations require action and
policy-relevant research attuned to local needs and values. This policy analysis provides
insight into the contributions of research to sustainability and how that can be improved to
ensure that there are valuable outcomes from research in the North.

3. Methodology

Document analysis is a systematic method for reviewing and evaluating documents
using qualitative interpretive analysis [94–96]. The document analysis undertaken in
this project includes a focused review and thematic analysis of the policy documents
typically found within grey literature. This policy review and analysis method was critical
to gain insight into the context, values, and origins of northern research policies [94,97].
To clarify terminology, a policy is a decision, a commitment to a course of action, or a
guideline for action that is based on a combination of values, beliefs, evidence, and political
ideology [98,99]. Policy for science refers to all decision-making related to science or
the systematic pursuit of knowledge, including research [99]. Policy documents provide
insight into the priorities, values, and belief systems that guide decision-making within
a government or organization, as well as identifying practical issues that are current and
emergent [97,98]. The policy documents included in this study have a variety of uses,
including communicating information on research in the North and the regulatory context,
as well as providing insight into the goals, values, and motivations of the organizations
that influence northern research. Therefore, documents were examined with attention to
intention and credibility, including the purpose, the author, and the influence over actions
or decisions [97]. For many northern-based organizations, science-policy documents are
used to advocate for their research expectations and priorities, while in some cases, they
communicate where an organization is focusing their research resources or how they
approach their own research.

3.1. Sourcing Documents and Inclusion Criteria

We conducted a thorough online search using a common search engine and search-
ing websites of known governments, Indigenous organizations, and non-governmental
organizations (e.g., territorial governments, ITK, Dene Nation, CYFN). Documents were
selected based on their relevance to the overall study goals and approach and accord-
ing to three main inclusion criteria (Figure 2) [94,100–103]. The initial search identified
128 relevant documents; however, 18 were removed after reviewing the full text. Therefore,
110 documents were included for in-depth analysis. Most of the documents were in a stand-
alone format (e.g., report, guide, pamphlet, discussion paper), but webpages were also
recognized and included as policies when they discussed substantial policy information or
guidance [104,105].

We aimed to be as comprehensive as possible, including all documents that met the
inclusion criteria and were available digitally (see Supplementary Materials Table S1 for a
list of documents, including author organizations and websites). We also recognize that
there are limitations to the study based on our goals and approach, which focus on policies
for research, as opposed to policies developed from research, and we therefore did not
include research-program results [97]. We did not examine research funding programs and
forms, which change regularly and are often updated or removed from the host website.
We also did not include application forms for research licenses or protocols, which, in
some cases, were the only documentation available from an organization (e.g., Nunatsiavut
Government, Vuntut Gwitchin Government). For the federal and territorial governments,
we focused on government-wide or corporate policies. These governments are actively
conducting research in the North and may have additional departmental-level science
policies that were not included within the scope of this study. There are potentially relevant
policies being enacted by northern organizations that are either internal and not shared
publicly or not documented in a written format and were therefore not part of this analysis.
There are northern organizations and many First Nation governments that are actively
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involved in influencing, conducting, and guiding research in their region that are not
represented in the study because no relevant policy documents were found online. Some
of those organizations have information online about their involvement with research,
but without extensive policy information, their webpages were not included in the study
(e.g., Dechinta Centre for Research and Learning, Dedats’eetsaa: T ch Research and
Training Institute).

Figure 2. Document-sourcing and screening process.

3.2. Coding

In the process of reviewing relevant documents, descriptive information related to
each document was recorded in an Excel spreadsheet to track and categorize documents, as
well as to assist with initial analysis. These include author type, geographic scale (regions it
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is relevant to), publication focus and type (policy, research priorities, or research guidance),
discipline focus, relevance to or focus on Indigenous peoples, mention of Indigenous
knowledge and local knowledge, and focus on local or regional protocol or research license.
Descriptive statistics were produced in Excel to provide insight into the types of documents
that exist and their geographical and topical coverage. These characteristics were then
entered as document attributes in NVivo to be used in the thematic analysis.

The coding process combined a deductive and inductive approach. An initial cod-
ing scheme was developed based on a literature review focused on research issues and
approaches relevant to the North, and new codes were created as they emerged during
the coding process. Research-planning and guidance documents were used to identify the
different steps in the lifecycle of a research project and the types of actors that are involved
in northern research. A comprehensive list of codes (Appendix A Table A1) guided the
coding process, including codes relating to: (i) elements of the research project lifecycle (e.g.,
research design and approval, conducting research, sharing results); (ii) concepts relevant
to research practice (e.g., partnership, community engagement, participation, capacity
building); and (iii) roles that different actors play in northern research (e.g., funder, regula-
tor, student). Within the groups of codes, there are parent codes that represent general or
broad themes and subcodes that are more specific. Codes were applied when concepts were
named explicitly but also through interpretation when a concept was discussed without
using key terms. We created a clear description of each of the codes to help reduce error
and bias in the coding process. Documents were coded in NVivo software, which supports
document analysis by enabling the comparison of document codes and attributes within a
large number of documents. Using NVivo, we explored relationships between codes and
attributes and compared themes across regions and author types using crosstab queries.
We compared the three types of codes to get a better understanding of how key concepts
should be applied to the steps of a research project and which actors should be involved.

Coding for Sustainability

Sustainability was identified early in the coding process as a driving issue for northern
research. It was added to the coding framework and tracked throughout the documents,
providing insight into research priorities. Sustainability was coded by searching for explicit
mentions of the word sustainability, as well as coding for discussions of issues or priorities
related to complex changing environmental, sociocultural, or economic conditions. Envi-
ronmental sustainability issues included impacts of climate change, resource development,
and shipping. Sociocultural sustainability was identified in relation to issues like com-
munity well-being, health disparities in the North, food and water security, and cultural
concerns like language revitalization. Economic sustainability was discussed in relation to
economic diversification, tourism, institutional research capacity, and funding stability.

3.3. Description of Documents

The analysis focused on several types of documents, including strategies, action
plans, discussion papers, reports, guides, statutes, information brochures, and webpages
(Figure 3). Some of these documents communicate internal policies, such as how an
organization will support and fund research or how they will incorporate science into
decision-making [1,3]. Other documents communicate guidance or expectations to external
stakeholders, for example, by discussing concerns with current research practices and
expectations for how research should be conducted. Some research-guidance documents
outline internal policies on how an organization approaches their own research [106,107],
while others provide guidance to external researchers or organizations in conducting
research [108–110]. Most of the documents were produced from 2000 onwards (91%). This
temporal scope reflects the limited availability of digital documents prior to that time
period, the project focus on contemporary science policy, and the more recent emphasis by
various organizations on articulating science and research policy.
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Figure 3. Documents analyzed according to publication type, n = 110.

Most of the documents (88, or 80% of the total) focused on research in general, al-
though there were also some with a discipline-specific focus, including social sciences
(4%), humanities (2%), health research (16%), physical and natural sciences (3%), and
Indigenous research (meaning research using Indigenous research methodologies) (6%).
Some of the policy documents communicate a protocol or provide guidance on how to
apply a protocol, such as Indigenous knowledge (or Traditional knowledge) protocols and
policies and regional research licensing protocols. Documents produced by the Canadian
Arctic Research Licensing Initiative (CARLI), which reviewed the licensing and permitting
processes in the three territories during IPY, were also included in this category. Although
they are not regulatory documents themselves, they provide information on regulatory
processes. Protocols and associated documents were communicated through different
types of publications, including legislation, guides, and information sheets (Figure 3).
Within the 110 documents reviewed, 19 were about a protocol at the regional or pan-Arctic
scale, while 6 were focused on a local protocol targeted at a community or a subregion.

All documents were tracked according to author type (Figure 4), and any documents
produced by a consultant on behalf of another organization were included in the main
author type of the organization that initiated the document (e.g., NGO documents cited
under the individual author’s name). Most of the documents we reviewed were produced
by the Government of Canada (27%), including by POLAR, the Canadian Polar Commis-
sion, and federal advisory boards (e.g., Science Council of Canada). National Indigenous
organizations produced 19% of documents, including organizations that represent and
advocate for Inuit, First Nations, and Métis on the national or pan-northern scale (e.g.,
ITK, AFN). Regional and local Indigenous governments produced 17% of documents,
including Indigenous governments, Indigenous land-claim and co-management organi-
zations, and other northern Indigenous organizations (e.g., Sambaa K’e Dene Band, NTI,
Gwich’in Renewable Resources Board (GRRB), CYFN). Documents produced by the territo-
rial governments (13%) include policies produced by the governments of the Yukon, NWT,
and Nunavut. Northern NGOs (13%) include regional and community-based non-profit
organizations that are involved in research (e.g., Arctic Institute of Community-Based
Research, Qaujigiartiit Health Research Centre). Northern academic institutes (6%) include
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the northern colleges, universities, and research institutes (e.g., Aurora Research Institute,
Yukon Research Centre). Southern NGOs (5%) include documents produced by associa-
tions focused on northern research (e.g., Association of Canadian Universities for Northern
Studies, International Arctic Social Sciences Association). Southern academic institutes
(2%) include documents produced by research networks led by southern universities (e.g.,
Resources and Sustainable Development in the Arctic (ReSDA), Yukon Initiating Group of
the Canadian Mountain Network). The one provincial government document (1%) was
produced by the Gouvernement du Québec and relevant to Nunavik. Two groups that were
identified as potential author types but did not produce policy documents included in this
study include renewable resource councils/hunter and trapper organizations (RRC/HTOs)
and communities/hamlets.

Figure 4. Documents analyzed according to author type, n = 110 *. * Number of authors is larger than the total number of
documents as 3 documents are co-authored.

In terms of geographic coverage, half of the policy documents analyzed have a pan-
northern focus, with many others having a regional focus (Table 1). Far fewer focus on
the subregional level, with only one focused on the community level. Furthermore, the
documents analyzed are relevant across the five northern regions (Figure 5). Of the 53 pan-
northern documents, 27 were focused on all five regions and were mainly produced by
the Government of Canada, southern NGOs, or southern academic networks. However,
some of the pan-northern documents focused on a subset of regions, usually either at the
pan-territorial scale (the three territories) or Inuit Nunangat scale (the four Inuit land-claim
regions). The only region-specific document identified in this study for Nunavik was the
Québec research and innovation strategy 2017–2022 [111], and none was identified for
Nunatsiavut. All other documents coded to those two regions are pan-northern, either
focused on all five regions or across Inuit Nunangat. Although the Inuvialuit Settlement
Region (ISR) is geographically in the NWT and the Yukon, settled Inuvialuit communities
are all in the NWT, so relevant documents were coded to the NWT. There are two exceptions:
the documents produced by the Wildlife Management Advisory Council (North Slope), a
co-management board related to the Inuvialuit Final Agreement, are specific to the Yukon
North Slope region of the ISR but relevant to the Inuvialuit population in NWT and were
therefore coded to both the Yukon and NWT.
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Table 1. Documents according to regional-scale coverage, n = 110.

Regional Scale Number of Documents Description

Pan-northern 53 Relevant to 2 or more regions
Regional 43 Relevant to a region (Yukon, NWT, Nunavut, Nunavik, or Nunatsiavut)

Sub-regional 13 Relevant to a subregion or traditional territory (e.g., ISR)
Community 1 Relevant to a single community

Figure 5. Documents analyzed according to regional relevance, n = 110.

4. Results

The coding process and thematic analysis identified key themes discussed through-
out the documents, although diverse lenses were applied to these concepts. The most
commonly identified codes include partnership, Indigenous knowledge, research capacity,
communicating research, governance capacity, consultation engagement, informing policy
decisions, outcomes of research, research benefits, and training (Figure 6). Partnership was
emphasized most (in 86 documents), followed by Indigenous knowledge (76), research
capacity (72), and communicating research (69), while the remaining codes were evenly
distributed (66–64). Several codes are related to the impact that research has (informing
policy decisions, outcomes of research, research benefits) or the context in which research
is conducted (research capacity, governance capacity), while others focus on approaches to
research (partnership, communicating research, and consultation engagement). Two of the
codes were related to the steps in a research project lifecycle (informing policy decisions,
communicating research), but none was from codes related to roles in research. Many of
the documents reviewed discussed the role of researchers generally, without specifying
specific types of researchers. There were also numerous mentions of Elders, students, local
researchers, and local coordinators, yet the occurrence was much lower than codes from
the other two categories.
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Figure 6. Top ten codes used overall by number of documents they are referenced in.

The top ten codes were then cross-referenced with document attributes to explore
how they were prioritized by region (Figure 7) and author type (Figure 8). The number
of coded documents was compared as a percentage of the total number of documents per
region and author type.

Figure 7. Top ten codes analyzed by region.
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Figure 8. Top ten codes analyzed by author type.

There is not a lot of variation amongst the top ten codes overall across the five
regions (Figure 7). There is a slightly greater importance put on governance capacity
and research benefits in documents relevant to the Yukon, on consultation engagement
and Indigenous knowledge in documents relevant to NWT, and on informing policy
decisions and outcomes of research in documents relevant to Nunavik and Nunatsiavut
(Figure 7). We analyzed the documents related to each region separately to identify the
most-used codes in each region, and seven of the top ten codes ranked consistently high
in all regions, including partnership, Indigenous knowledge, research capacity, informing
policy decisions, governance capacity, and communicating research. Other themes with
regional importance were northern participation (Yukon, NWT, and Nunavut), and research
agreements (Nunavik and Nunatsiavut).

There was more variability in the thematic coding when the top ten overall codes were
cross-referenced by the five most common author types (Figure 8). Indigenous knowledge
and communicating research were more commonly coded in documents produced by
northern NGOs (Figure 8). Many of these organizations centre Indigenous knowledge or,
at the very least, emphasize its importance in their research approach. Communicating
research is an important role for northern NGOs (Figure 8), many of which focus on
research with communities and Indigenous northerners, often promoting participatory
methodologies that require ongoing communication throughout the research project.

Governance capacity was emphasized by territorial governments and national In-
digenous organizations as a key focus for research in the North (Figure 9). For northern
governments, this directly relates to their role in legislating research in their own regions
and advocating for relevant priorities in federal research programs. For national Indige-
nous organizations, this was discussed in relation to individual research projects and data
management [4,112]. They also identified some of the challenges that communities or
Indigenous organizations face when engaging in processes that govern research, such as
advising on funding programs, participating in research committees, or advocating for
priorities in federal research programs. Whereas larger organizations may have the capacity
to engage in these processes, supports are required for many Indigenous organizations or
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community members to participate, including funding for positions, training for necessary
skills, or the opportunity to take part in relevant boards and committees [4]. National
Indigenous organizations also focused on how research is done, with an emphasis on part-
nership and research benefits (Figure 8). The federal government emphasized partnership,
research capacity, and training, often in relation to their role supporting other organizations
to participate in research.

Figure 9. Documents that include discussion of research with Indigenous northerners.

The major themes identified through the coding analysis are explained and explored
in detail in the following section. The main theme of partnership is explored in Section 4.1
as a foundational element of research relationships. Indigenous knowledge and how
Indigenous northerners are included in these documents is the focus of Section 4.2. Research
and governance capacity are interrelated and are explored together in Section 4.3, along
with training. The outcomes of research, including research benefits, are discussed together
in Section 4.4. Informing policy decisions was a major theme that required a separate
analysis from the other outcomes of research and is discussed on its own in Section 4.5.
Communicating research and consultation engagement are discussed together as related
themes in Section 4.6.

4.1. Partnership as the Foundation for Research Relationships

Partnership is identified as a key component of research, although it is rarely defined
or contextualized within the policy documents we reviewed. Generally, the concept of
partnership is presented in relation to researchers and their relationships with other stake-
holders, particularly in terms of developing strong researcher-community partnerships.
However, there is also a discussion of the role partnerships can play in governing research,
including relationships between governments, other organizations, and communities in
setting expectations for research, guiding priorities and topics, and developing northern
research programs. In the analyzed documents, the theme of partnership is highly related
to the steps in the research-project lifecycle that are involved in developing relevant, use-
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able research, such as identifying priorities and goals for the project, informing policies
and decisions, and communicating research.

National Indigenous organizations like ITK, AFN, and the Métis and First Nations
centres of the NAHO, emphasize the importance of partnership in research. These organi-
zations advocate at the national scale for Inuit, First Nations, and Métis to be equal partners
in research. “In order to truly benefit from research focusing on our people, Inuit must
be included as equal partners with researchers at every step of the process” [113]. Part-
nerships are a means of achieving research goals where capacity is limited for researchers,
communities, and northern organizations. Trust, respect, and accountability are identified
as integral to a research partnership, and northern participation in research projects was
also identified as a core priority. Research relationships can be challenging, but as described
by the MC-NAHO [114], “Support and commitment from both sides are needed for quality
research . . . a mutual commitment between researchers and communities to resolve these
issues . . . will ensure that the process is respectful.”

In an era of Indigenous self-determination in research, Indigenous partners have
expectations for how research projects will unfold. Research agreements are recommended
as a tool to facilitate partnerships and ensure that community and partner needs are con-
sidered, along with the needs of the researcher. However, formal agreements were not
discussed as frequently as the importance of building good relationships. A research agree-
ment does not create a relationship; it is a way of formalizing a pre-existing relationship by
clearly outlining expectations of all involved. Although a research agreement may not be
a place to outline all aspects of the relationship, it can include a process for dealing with
challenges and negotiating conflicts if they arise during the project. It is also an opportunity
to document plans for storing, using, and sharing data, which has been a contentious
issue between Indigenous communities and researchers in the past [112,115]. In some
cases, research agreements are required, particularly when communities have a protocol
for working with Indigenous knowledge [116–118].

Partnerships are a key factor affecting both governance and research capacity in the
North. For the Government of Canada, partnership and governance capacity arose as
themes in terms of Canada’s relationship with other circumpolar countries, particularly
the United States [76]. However, in recent documents produced by the federal government,
more focus is placed on the relationship they have with northern governments and ITK. For
northern governments and ITK, partnership is an essential component of their capacity to
govern or influence the northern research agenda. Each government or organization only
operates within its specific sphere of influence (e.g., as a regulator, funder, research agency,
or partner) and must look to other governments for those areas where they do not have
direct influence. This means that organizations can outline expectations and priorities for
research but need to work with others to achieve and promote them. As an example, ITK [4]
promotes Inuit self-determination in research by working with partners like governments,
universities, research institutes, and academics to enhance the outcomes of research for
Inuit. Specifically in relation to the Government of Canada, “the development of an Inuit
Nunangat research policy is necessary to coordinate research initiatives among the more
than 10 federal departments and agencies that carry out Inuit Nunangat research, and to
formalize guidelines for advancing Inuit governance in research” [4].

This approach to partnership is necessary, yet it is also fraught with challenges. In
her work on the consultation process for the development of the Arctic Policy Framework,
Mary Simon heard numerous concerns about a lack of accountability by the Government
of Canada to these relationships:

“I encountered in my discussions a profound sense of disillusionment, and some-
times distrust, related to agreements with the Government of Canada . . . The
term co-development of policies with Canada was looked upon with suspicion.
My overall impression was that there was a longstanding disconnect between
the aspirational intentions and commitments of Ministers, and the paternalistic,

167



Sustainability 2021, 13, 12035

at times obstructionist, approach by the bureaucracy to the implementation of
these ideas.” [119]

Within the policy documents produced by Government of Canada, there is a chang-
ing discourse in relation to partnership that highlights changes in how they approach
partnerships, including the recognition of community and regional priorities [48,120].

The contributions of partnerships to the research capacity of northern individuals, com-
munities, and organizations are well documented; however, they can benefit researchers
as well. As northerners gain comfort with research and find new ways to contribute to
projects, there is more interest in seeking out research opportunities for their communi-
ties. As outlined by the GNWT, “The creation and sharing of knowledge is an important
legacy for any research project; however, capacity–to plan, initiate and participate in
research–is also an important legacy. If researchers are able to share their approaches, ideas
and successes the stage will be set for more positive community involvement in research
and monitoring in the future.” [121]. Local organizations can provide key supports to
researchers through partnership if research goals are relevant to the community [99,107].
Reciprocity in research relationships is a fundamental principle for research with Indige-
nous communities [110,122], and the ability to meet the needs of both the researcher and
community is emphasized as part of a strong partnership.

4.2. Indigenous Knowledge in Relation to Research

Most of the reviewed documents recognize Indigenous northerners as a key popula-
tion for consideration in relation to research, with 103 documents (94%) at least mentioning
or discussing research with Indigenous northerners (Figure 9). Many of these documents
had a pan-Canadian focus and were relevant to all northern Indigenous populations, as
well as non-Indigenous northerners, while others were regionally or locally specific. A
few documents are not specific to the North but focus on research with First Nations or
Métis on a national scale, and therefore have relevance for First Nations and Métis living in
northern Canada. These include documents produced by AFN, FNIGC, the FNC-NAHO,
and the MC-NAHO. Pan-northern documents that had relevance to all five regions and
did not specify a specific Indigenous group were coded to First Nations, Métis, and Inuit.
For regional documents, those relevant to the Yukon were coded to First Nations; those
relevant to Northwest Territories were coded to First Nations, Métis, and Inuit; and those
relevant to Nunavut, Nunavik, and Nunatsiavut were coded to Inuit. Overall, 68 of the
110 documents (62%) were relevant to First Nations, 67 (61%) to Inuit, and 43 (39%) to
Métis (Figure 9).

Of the documents that mention or discuss research with Indigenous populations,
55 (50%) have research with Indigenous northerners or Indigenous peoples as the main
focus of the document (Figure 9). These include Indigenous knowledge protocols and
guidance documents for research with Indigenous communities [108,116,118]. These also
include strategies, priorities, and research policies produced by Indigenous governments
and organizations [117,123]. Indigenous-focused documents were more likely to be pro-
duced by a national Indigenous organization, regional or local Indigenous government or
land-claim organization, or a northern NGO (Figure 10). Regionally, a greater number of
these documents were relevant to the NWT (Figure 10), but that reflects the diversity of
First Nation, Métis, and Inuit populations in the territory. Among the three Inuit regions,
it is interesting to note the higher number of Indigenous-focused documents in Nunavut.
This may reflect the increased capacity in Nunavut to engage in research governance, where
there are more local organizations producing research policies.

About 80% of all documents (88) included a discussion of Indigenous knowledge
as a key source of understanding for northern environments and society, but only 25%
(27) provided specific guidance on how to include or engage with Indigenous knowl-
edge (Figure 11). These documents showed a wide range in their depth of discussion on
Indigenous knowledge. In some cases, this is limited to a small mention of the impor-
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tance of including Indigenous knowledge, while others included an in-depth discussion of
Indigenous knowledge in research or guidance on how to collect Indigenous knowledge.

 
(a) (b) 

Figure 10. Inclusion of Indigenous northerners in document focus: (a) by author type; (b) by region.

Figure 11. Documents with a main focus on Indigenous knowledge and local knowledge.

The 27 documents that provide guidance on Indigenous knowledge are produced by
several different types of authors, including mainly regional and local Indigenous govern-
ments or land-claim organizations but also national Indigenous organizations and northern
NGOs (Figure 12a). There are double the number of documents relevant to the Northwest
Territories that provide guidance on Indigenous knowledge compared with the other
regions (Figure 12b), again, reflective of the diversity of NWT’s Indigenous population.

As well as being used as a document-level attribute to track how many documents
referenced Indigenous knowledge, it was also one of the most applied codes in the the-
matic analysis. The code was only applied where Indigenous knowledge is discussed
in depth, often with associated methodological and ethical considerations. Many north-
ern organizations recognize that Indigenous knowledge and science come from different
worldviews and should be considered in different ways. The language around Indigenous
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knowledge changes over time and varies between different organizations. Organizations
that come from a western science tradition, particularly federal government departments,
tend to discuss Indigenous knowledge as a data source that supports western science. In
more recent publications, particularly those by Indigenous organizations and northern
governments, the emphasis is placed on respecting Indigenous knowledge as a standalone
knowledge system, as opposed to a source of data to be integrated with science [124].
Indigenous organizations emphasize that Indigenous knowledge is a knowledge system
and worldview.

(a) (b) 

Figure 12. Guidance on Indigenous knowledge: (a) by author type; (b) by region.

Researchers often approach Indigenous knowledge as another form of topical knowl-
edge that can inform research results and outputs. However, Indigenous knowledge should
inform the start of the project, including how research is done, the principles and values
that are incorporated in research design, and the relationship between the researcher and
the community [124,125]. Some northern and Indigenous organizations advise researchers
to recognize and include the interests and priorities of Indigenous northerners in the de-
velopment of the project and to focus on a respectful, inclusive approach with Indigenous
communities, as opposed to prioritizing the integration of Indigenous knowledge in sci-
entific research [104,125]. As an example, the youth of Nunavut that are part of Ikaarvik:
Barriers to Bridges highlight that Inuit Qaujimajatuqangit (IQ) is more than just knowledge.
“IQ . . . incorporates knowledge, customs and values. It is a way of life. It is as much about
how we interact with one another, our attitudes and behaviours, as it is about what we
know.” [125]. This can also extend to ensuring that Indigenous interests and priorities are
reflected in broader research policies, for example, in funding programs [4].

Indigenous knowledge was frequently cross-coded with informing policy decisions,
indicating the value Indigenous knowledge can bring to the decision-making process.
While there was some discussion of bridging Indigenous knowledge and science in de-
signing and conducting research, bridging knowledge sources also comes up as a strategy
for informing policy. This can be accomplished by bringing the two knowledge sources
together at the decision-making level, as opposed to in an individual research project [104].
Concerns have been expressed that Indigenous knowledge collected by researchers may
not result in practical applications, so approaches that ensure that Indigenous knowledge
is available for use by Indigenous northerners would ensure that Indigenous knowledge is
available for their policy needs [118]. For this to happen successfully, Indigenous knowl-
edge needs to be valued as an equal source of evidence with scientific knowledge. Despite
noted challenges in bringing together Indigenous knowledge and science, the Government
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of Canada has framed Canada as a leader and innovator in bridging Indigenous knowledge
and science for evidence-based policy [77].

Data sharing and data ownership were widely used codes also cross-coded with
Indigenous knowledge. This highlights the importance of OCAP and other data manage-
ment frameworks for protecting the rights of Indigenous peoples to own and access their
data and to control how it is used and communicated. As the Guidelines for Research
with Yukon First Nations points out, “researchers have the ability to construct legitimate
arguments for or against ideas, theories or practices. Researchers are collectors of infor-
mation and producers of meaning, which can be used for, or against Yukon First Nations
interests” [108]. There are numerous references to Indigenous knowledge or data being
shared without permission or used for applications that were not approved. “Research has
been damaging in the past in instances where genetic material is used, sensitive informa-
tion is published and confidential cultural information is shared inappropriately” [126].
Northern research has been described as extractive, where data is used by researchers but
not always returned to the community. “Communities have seen countless researchers
come and go, taking samples and data to build their careers and leaving communities
feeling used.” [127]. In their guide to OCAP, the FNC-NAHO [112] highlights a few ways
that Indigenous peoples have been wronged by research, as well as providing options for
First Nations communities to apply OCAP principles to support self-determination.

Many organizations note the importance of Indigenous knowledge contributing to
our understanding of key social, economic, and environmental sustainability topics in
the North, including climate change, wildlife ecology, and well-being. In some cases, for
community uptake of research, it is essential that Indigenous knowledge be considered
in developing the project, particularly in identifying relevant research questions. “Inuit
occasionally dismiss scientific studies (especially those on harvested wildlife species) as un-
necessary and irrelevant where they believe the studies will provide knowledge that Inuit
already possess” [83]. Indigenous knowledge was discussed as a key source of information
for developing policy in relation to land and wildlife management, resource development,
and environmental assessment. There is also interest in better understanding methodolo-
gies for incorporating Indigenous knowledge into management and planning processes.
Sociocultural sustainability topics like language, traditions, and cultural practice are pan-
northern priorities and are intrinsically linked with Indigenous knowledge. Language
revitalization is a concern across the North, and while it can be the focus of research, it can
also be integrated into research through use of Indigenous languages wherever possible.

4.3. Research and Governance Capacity

Within this thematic analysis, governance capacity refers to the leadership, oversight,
and promotion of research, whereas research capacity is about having the capacity, whether
it is tools, resources, infrastructure, expertise, personnel, skills, or other requirements, to
engage in the practice of research, including conducting research, managing data, and
implementing results in programs and policies [110,128]. Capacity building is not always a
north-south relationship; it can happen within a region or across the North [30]. Capacity
building is a partnership that requires efforts from both community and research partners
and ultimately benefits both [110]. Research is often identified as a sector that requires
funding and support to sustain ongoing activities, coordination, employment, and training
opportunities for northerners and students. While the federal government has been a
primary support for building local capacity by investing in colleges, research institutes,
and infrastructure, there are still barriers to local research capacity and a need for support
at the institutional, community, and individual scale in the North [48,127]. Funding,
partnerships, support for human resources, technology, information and data management,
assistance for proposal writing, and research-specific training can all contribute to both
institutional and community research capacity [65,112]. Capacity to conduct research
includes the need for adequate and sustainable research funding at the community level
and for northern organizations and institutions to coordinate, contribute, and participate
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in research projects, networks, and partnerships, including infrastructure, equipment, or
training as required [38,104,115].

Capacity to conduct research and be involved in research is also intertwined with
capacity to govern research. Where there is institutional capacity to engage in the oversight
of research in the region and in research partnerships, there are more research opportunities
for community members and organizations [38]. Involving northerners in research can
contribute to both capacity to do research and capacity to use research; participating in
research helps to develop skills, but it also helps build local understanding of an issue,
which can help with applying the results [115]. Research that builds on existing capacity
or community strengths is respectful of Indigenous values and contributes to meeting
community needs [65,110]. Data governance was not only identified as a key concern, but
it was also an area where Indigenous organizations have made big strides in asserting
sovereignty by implementing OCAP or other data-ownership principles. Data management
and ownership require the institutional capacity to apply the principles of OCAP [112,128].
Questioning the capacity of Indigenous and northern organizations when they assume
control of research or data, instead of supporting their efforts, can interfere with northern
leadership in research [112].

International partnerships also play a role in Canada’s research capacity, particularly
regarding emerging international priorities like climate change. In 2002, it was identified
that Canadians were falling behind in research capacity, specifically in funding. Canadian
researchers were reliant on their international partnerships to participate in international
committees and projects [20]. International partnerships are still an important part of
advancing northern scholarship and knowledge of northern systems, allowing Canadian
researchers to share knowledge from other regions with northern Canada [77]. International
collaboration can happen through research projects but also through formal partnerships,
committees, or science associations [77]. Canada’s participation in these international
arenas depends on the support of the Canadian government [20]. IPY and the northern
research chairs were successful examples of national funding to support northern research
and foster international collaboration. POLAR and CHARS are examples of how the federal
government is continuing to support this capacity. [48,76,77,129,130].

Governance capacity in northern research affects organizations at the local, regional,
and national scale. For smaller organizations, this means identifying their limits in terms of
support and partnership potential and prioritizing where to expend their resources [104].
Local governance usually includes organizational or advisory-group oversight of research.
That can include reviewing research proposals, monitoring projects, and negotiating re-
search relationships, as well as advocating for local priorities and interests [4]. Not all
communities or local organizations have the capacity to provide this kind of oversight or
have equivalent experience working with researchers [83,115]. Whether or not a commu-
nity has a formal governance structure for research should not change how researchers
approach the community. They should still consult with community leaders and orga-
nizations, providing similar opportunities for engagement. They may need to consider
providing resources for the community to engage in the project.

At the regional level, territorial governments play multiple roles in governing re-
search: leading and conducting research, developing partnerships, advocating for northern
research priorities, influencing other organizations, and regulating research [1,3,65]. The
ability to regulate research through licensing or permitting is a key component of gover-
nance capacity for the northern regions. However, to be effective, this system requires the
active participation of community reviewers. More support for communities to engage in
this would improve the licensing process, whether that is through community research
advisors or other personnel [38,131]. The capacity of communities to review licensing
applications can be affected by staff turnover and the loss of institutional knowledge.

Governance capacity is directly related to research sovereignty, or self-determination
in research. When organizations have the capacity to engage in the oversight of research,
they can directly influence the research agenda. As compared with funding for training,
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which supports the development of individual research capacity, support for organizations
to engage in the oversight and governance of research can affect whether research meets
local and regional needs [38]. Local research capacity is also intertwined with governance
capacity, as funding for research capacity in the North relies on the advocacy of northern
organizations. Governance capacity includes formal policies and strategies that commit
funding for the participation of northerners and northern organizations in research over-
sight, without which research capacity can be vulnerable [20]. Governance capacity at
the organizational level includes the ability to engage in research agreements and data-
management agreements, which can require human resources, policy support, and data
infrastructure [128]. This capacity ensures that community and regional-scale organizations
can advocate for their research priorities and expectations and can implement OCAP and
other data-management principles.

4.4. Outcomes of Research

A common expectation across different policy documents is that research should be
relevant and have beneficial outcomes for the land, animals, and people in the North
and provide specific contributions to the communities and regions where it takes place.
Outcomes of research can include tangible benefits but can also include how local residents,
organizations, and decision-makers can use the information produced or their experience
with the research project.

“For Inuit, knowledge can only be described as such if it is used to improve
the lives of others. If one has knowledge but does not share it or use it for the
common good, then it is seen to have no value. In this light, all research must
result in direct application to improving the lives of the people who contributed
to the knowledge development. This understanding is critical to the design of all
research being carried out with Inuit populations, but should be essential in all
research anywhere.” [106]

Researchers are recognized as experts who possess specialized skills and knowledge
and who can help provide information for sound decision-making. Northern organizations
and governments value research for the contribution it can make to local issues and north-
ern society, particularly regarding environmental and sociocultural sustainability [108].
Research from all disciplines can contribute to decision-making; however, health and
social science research in particular is expected to contribute to sustainability transforma-
tions [4,7,132]. Despite being identified as key priorities, health and social sciences, as well
as humanities, have generally been underrepresented in northern research [4,7,29,30,48,133].
In Canada’s Arctic and Northern Policy Framework, the Government of Canada [48] has
recognized that need and committed to supporting more social science research.

Many northerners regard scientific research as a valuable tool to protect public well-
being, generate wealth, and to advance knowledge for the benefit of communities and
society at large. At the local scale, research can benefit communities by providing em-
ployment, training, equipment, contributions to local economy, and honoraria for partici-
pants [30,134,135].

“Research provides much-needed capacity transfer between communities and
researchers, opportunities for Indigenous peoples to address issues of local prior-
ity, and jobs that put food on the table for many families, and that can become
pathways to educational and knowledge development opportunities and stable
employment.” [136]

However, there are also concerns that research can have adverse impacts on commu-
nities and the natural environment. Regulatory processes are in place across the North,
including a research licensing process in the three territories and a research approval pro-
cess in Nunatsiavut, to identify and mitigate potential negative impacts. A commitment to
ethical approaches and communication with communities while designing research projects
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facilitates the pathway to positive outcomes and creates opportunities for northerners to
engage with research projects.

4.5. Informing Policies and Decisions

The role of research in informing policies and decisions was a key theme that arose in
the document analysis. Having scientific knowledge available for use in decision-making
processes is a key priority, particularly in documents produced by territorial and federal
governments, ITK, and regional or subregional Indigenous organizations (e.g., the IRC
and CYFN). The code informing policy decisions was applied to two different aspects of
research informing policy: (i) as a key step in the lifecycle of a research project (the act of
sharing results to affect decisions or policies); and (ii) as an outcome of research (policy has
been informed by research). With respect to policy as an outcome of research, there is a
desire for research to contribute to social, health, and environmental solutions [2]. While
research and science are recognized as important contributors to sustainability decision-
making in the North, this is usually discussed in the documents as something that will
happen in the future, as opposed to a current reality.

The prevalence of northern policy and decision-making as a theme in the analyzed
documents highlights the importance of useable science in the North, which is also a key
issue noted in the literature [6,137,138]. While all different types of organizations discuss
the contributions research can make to policy and decision-making, the importance of
research informing policy is particularly emphasized by Indigenous organizations that are
involved in policymaking (e.g., ITK) and governments. However, little advice is given
as to how this can be accomplished. There seems to be a common assumption that if
research is based on local priorities, there will be uptake by policymakers. Yet, there is
not always a causal link between relevant research and action or decision-making. Policy
development incorporates a variety of information sources beyond academic research and
science, and those can conflict with research results. Policymakers may require data at a
different scale or format or may have identified different data gaps than researchers or
communities. Participatory research methods are identified as a pathway to impact policy
through inclusion of relevant decision-makers in the process. By including decision-makers
early in the project, ideally in developing the project goals and research question, the hope
is that research will be relevant to their needs and easily accessed.

The documents highlight the disparity between priorities at different scales, leaving
gaps in the knowledge that is available and valued for decision-making.

“The next step in the evolution of scientific practice in the Arctic is linking
community-driven Arctic research priorities with national policy development
to ensure scientific investments benefit communities and answer key questions
facing the Arctic. I firmly believe that the foundation of effective decision-making
is good information. In the Arctic, that means being committed to placing equal
value on Indigenous knowledge and western science.” [119]

There is potential for tension between community needs and policy needs; however,
open dialogue early in the project provides the opportunity to address these issues. Effec-
tive communication between research policymakers, funders, researchers, and research
users can encourage the sharing of results for decision-making.

4.6. Communication and Engagement

Sharing knowledge is a dynamic process with knowledge flowing in multiple di-
rections between researchers, knowledge holders, policymakers, community members,
practitioners, and boundary organizations [4,122,139]. Relationships are the foundation
of research in the North, and communication is part of building and maintaining relation-
ships [83,110]. Consultation and engagement relate directly with the themes of communi-
cating research and building research partnerships. Ensuring that research is relevant to the
community or partner organization requires consulting with them on priorities and goals
for the project. Consultation is not only encouraged; to a certain extent, it is mandated
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through permitting and licensing processes. Across the North, there are requirements
for consulting with rightsholders regarding research; however, there are also examples of
researchers not complying or ignoring those requirements. Local protocols, like Indigenous
knowledge protocols [116,140], also set expectations for engagement and communication.
There is more of an obligation put on social science and health researchers to ensure their
research is relevant, particularly as they are more likely to require local participation in
their research [110]. However, research priorities for many northern organizations include
natural and physical science topics that are relevant to community decision-making and
can benefit from local consultation. For example, the GRRB has a list of priority wildlife
topics that they recommend researchers engage with them on [123,141]. Researchers in
all disciplines are also encouraged and expected to engage with the community before
defining their research question to explore how the researcher’s goals might align with the
community’s interests and needs. Early engagement and communication with communities
will help researchers avoid initiating projects that the community is not interested in [127].

Although the onus is on the researcher to initiate communication with the community
or relevant organizations, ongoing communication throughout a project requires com-
mitment from all partners [114]. As an example, if the community clearly communicates
their research expectations during preliminary engagement, there is less room for misun-
derstanding and conflict, and the project will be more likely to fulfill the community’s
needs [142]. Clear and ongoing communication was highly related to several of the steps
in the lifecycle of a research project, including planning for a new project, identifying
priorities and goals, defining questions, and reporting to communities and partners. For
the Aqquimavvik Society, communicating research to the whole community starts while
identifying goals and developing a shared understanding of the research project, which
ultimately translates to informing local decision-making.

“This is also a time when all of this information is shared and promoted across
the community so that there is a collective awareness of the issues and the
process being proposed and that by sharing the background information, every
community member is then able to consider the topic through the lens of personal
experiences and ideas. In this way, the process of research is shared beyond those
who are selected informants. This is an approach which seeks to raise critical
consciousness across the community and build critical mass through engagement
around the issues. It also sets the stage for meaningful knowledge translations of
the data results.” [106]

Clear communication using plain language and translation where needed is important
for establishing an agreement and ensuring that everyone understands what will happen
throughout the process.

Communities or local organizations can play a role in developing communication
products, particularly in putting results in the broader context. An example is the Inuit
Health Survey and the role NTI played in developing relevant communication prod-
ucts [27]. In cases where community members or organizations have directly contributed
to the project, there may be an expectation that any reporting of results requires the consul-
tation of local leadership and participants. “Sometimes researchers have published without
consulting the community, resulting in negative consequences from publications where
communities had no opportunity to correct misinformation or to challenge interpreta-
tions” [122]. Expectations for community input or control over the communication process
might vary from project to project, depending on the relevance and importance of the topic
for the community and the level of community involvement. Of utmost importance is
identifying how and when results will be communicated and who has control over those
decisions [112,128]. Community reporting is a key communication milestone and step in
the research process that is reiterated throughout the documents analyzed.

In terms of when communication is essential within the research process, communica-
tion was highly related with the code identifying goals and priorities, which is a critical step
for northern participation. When a community or partner organization has influence over
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research goals, the project is more likely to produce information that is useful locally. The
next step in ensuring that results are used is sharing the data and results with interested
communities and organizations in a format that is accessible and applicable. These two
steps are essential for achieving research outcomes at the local scale. Recommendations for
returning results to communities include sharing them through posters, community radio,
pamphlets, and hosting a community presentation or open house [83,143]. Depending on
the type of information being produced, there may also be a need to present key findings
to local leadership for their feedback before publishing. Local governments or partner
organizations may want a copy of the data and a report summarizing the project and key
findings, particularly if there is relevance for policy. For example, the Gwich’in Tribal Coun-
cil requests that researchers conducting Indigenous knowledge research present findings
to the Chief and Council, the Renewable Resource Council and the Designated Gwich’in
Organization while also encouraging researchers to present their findings to community
members [144].

5. Discussion

Discussions of sustainability are intrinsically linked with how organizations com-
municate their desired outcomes of research. In discussing the need for and value of
research, all different types of organizations conceptualize research as a contributor to
environmental, sociocultural, and economic sustainability in the North. Both broad and
focused sustainability priorities are identified across the policy documents included in this
study. Although physical and natural science topics are a high priority in the North, there
are opportunities for all disciplines to contribute to sustainability research. While northern
research guidelines and policies are relevant to all research happening in the North, they
are critical for sustainability research because of the importance of these issues for north-
erners. Sustainability research is often interdisciplinary, bringing together researchers from
different methodological backgrounds and highlighting disciplinary divides in research
approaches. Northern policies address some of those gaps by providing interdisciplinary
guidance. The following section discusses key insights into how to align research with
policy objectives to ensure research outcomes are relevant to the questions that northern
governments and organizations are dealing with. We also bring together the expectations
that northern organizations have for researchers as they engage in sustainability research
and identify key avenues for academic research to support sustainability decision-making
that is inclusive of northern values.

5.1. Aligning Research with Northern Policy Objectives

A key objective in conducting this research was to identify how research programs can
align with northern science-policy objectives. With the pressure of growing sustainability
issues in the North, finding ways to bridge research with policy is of utmost importance;
however, there is a gap in identifying how that knowledge transfer occurs. Using research
results to inform policy is usually identified as a step that happens at the end of a research
project once the results are compiled and analyzed. However, by identifying potential
users of research or policymakers at the beginning of the project and including them in
key steps along the way, there is an opportunity to ensure the project can meet policy and
program needs. Sustainability issues are often complex and multifaceted and can implicate
several different organizations. Part of developing relevant projects is understanding the
local context and local policy needs. Therefore, it is important to identify key groups in the
community and region, such as organizations and decision-making bodies involved in the
issue of concern. Engaging stakeholders that will be involved in incorporating results into
decisions or programs during early stages of project development can promote knowledge
transfer later in the project. This goes beyond tailoring communication products and
includes designing a research question and methodology that are suitable for arriving at
data and results that are relevant to policy. While this approach ensures policy priorities
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are considered at the outset, it needs to be done in a way that is respectful of the leadership
and participation of local and Indigenous partners.

Some northern organizations, including the IRC, have recognized that if they want
knowledge available to inform their decision-making and programs, they need to play an
active role in setting the research agenda for their region [30]. While Arctic research plays
an important role in addressing global and circumpolar sustainability issues, it should
also support northern and Indigenous self-determination. This involves more than just
providing knowledge to support local sustainability but also considerations around local
consultation, ethical protocols, and accountability. For northern Indigenous governments
and organizations, improving relationships and partnerships is intrinsically linked to their
capacity to govern and influence the research agenda and process and, ultimately, self-
determination in research [4,5,36,112]. There is strong support within both the academic
and policy literature for sustainability research that is relevant and based on community
priorities and goals [13,14]. Research that responds to community needs, respects local
perspectives of sustainability, and incorporates community strengths can contribute to
developing both policy and local research capacity. For researchers, ensuring that research
is relevant to the community or partner organization requires consulting with them on
priorities and goals for the project. Consultation is encouraged already in northern regions,
and to a certain extent, it is mandated through permitting and licensing processes, but
it mainly focuses on individual research projects and does not typically extend to policy
relevance and governance organizations. Local protocols like Indigenous knowledge
protocols set expectations for engagement and communication in research. However,
such protocols must also be extended to developing respectful and meaningful policy that
considers evidence based on Indigenous ways of knowing, values, and oral traditions.

Respecting northern leadership and self-determination requires careful consideration
of how to include northern voices throughout research decision-making. There was a
noticeable lack of documents at a community scale or subregional scale focusing on research
policy broadly. Instead, those that did exist were focused on Indigenous knowledge, specific
methodologies, or guidance on community-based research. This could reflect a lack of
resources within those organizations and a need to focus on their immediate experiences
with researchers. This puts an onus on the larger organizations that are producing policy
documents to engage meaningfully with northern rightsholders and communities and
effectively represent their input when putting forth broad northern research policies. It
also indicates that there may be a need for resources to support smaller organizations and
communities to engage in policy-setting exercises or to develop and communicate their
sustainability research priorities to regional organizations and governments. The GRRB
provides an example of how this can be done through their community consultations. On
their website, they communicate both community research priorities that arise out of those
consultations, as well as GRRB organizational research priorities. This process provides a
voice for community members while also respecting that the GRRB has a specific mandate
and research interests [104,123,141].

5.2. Expectations for Engagement in and Conduct of Research

One of the objectives of this study was to understand how organizations expect re-
searchers to engage in and conduct research. The process of developing and conducting
research can be as important as the knowledge that is produced [10,13,125]. There are al-
ready ongoing conversations in both policy and scientific literature about the importance of
participatory methodologies in northern research [14,145,146], and there is guidance avail-
able on how to build relationships, engage in partnerships, and coproduce knowledge with
northern communities [11,13,57,147–152]. These developments are not unique to the Cana-
dian North, as similar conversations are happening in other jurisdictions, where policies
and guidelines are being developed to address many of the same challenges [105,153–156].
Northern policy documents support the foundational concepts of relationship, partnership,
and communication that underpin the development of relevant and applicable research.
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Although research relationships can be challenged by conflicting values, different world-
views, and competing needs and priorities, these challenges can be overcome by ongoing
communication, shared goals, ethical approaches grounded in local needs, and formal
research agreements [110,122,128]. The voices and perspectives of northerners are not nec-
essarily reflected in the scientific or policy literature. However, participatory approaches
and the coproduction of knowledge are approaches that have shown success in bringing
these northern voices in. When these approaches are not suitable and other methodologies
are being employed, an emphasis on relationships and communication with local partners
can still result in useable research to inform sustainability decision-making. There is no
single approach to participation that can be applied to all research projects; rather, there is a
continuum of participation that can be implemented according to local needs [83,146]. Iden-
tifying where a project appropriately fits on that continuum comes from conversations with
communities and local partners and requires dedication of appropriate time and resources
for community and partner participation in project development. Local organizations may
need financial or in-kind support for personnel to engage with researchers or resources to
participate in priority-setting exercises.

Distrust of researchers is the result of past relationships where researchers were not
accountable or did not provide tangible results [1,4,27,127,157]. Social license to conduct
research is important in the northern context and comes from open communication and
follow-through on commitments. Fulfilling the needs of both the community and the
researcher can be a source of tension and is often negotiated through an ongoing dialogue.
However, there may be research questions that are not addressed in some communities
or regions because there is no social license to move forward. Yet, the North is not
homogenous, and interest in different topics and methods may vary amongst communities
and regions.

Expectations for research conduct are generally upheld by ethical-review processes
or other regulatory processes; however, these can conflict with local and Indigenous
protocols that value community (collective) consent, as well as the individual consent of
participants [122,128]. Northern legislators and regulators support the community-consent
process through the review of applications by local and regional organizations; however,
without any capacity to enforce compliance, the process is not always accountable to
communities [4,122]. Accountability mechanisms are often lacking and can undermine
research relationships, programs, and ethical processes.

There is a long history of communities not receiving the results of research or of
receiving a copy of a scientific publication that is not understandable or useful. When the
community partners play a role in guiding and leading communications, there is more
likely to be trust in and uptake of the research results. Communicating research is an
iterative process that happens throughout a project, particularly if the goal is to influence
policy. Communication with potential research users can create pathways for implementing
research results in decision-making. Partner organizations with established relationships
in the region may be better suited to communicating results than the researcher, effectively
playing the role of a boundary organization by bridging science and policy through two-
way communication [158]. This is particularly relevant when communicating sensitive
information or Indigenous knowledge, which may require contextualization by community
members or partners.

5.3. Supporting Sustainability Decision-Making

The final objective was to identify avenues for academic research to support policy and
decision-making related to sustainability. Northern research is expected to directly impact
local decision-making, supporting sustainability transformations in resource development,
wildlife management, healthy communities, cultural revitalization, and economic develop-
ment, among other issues [1,2,148]. Incorporating northern voices, context, and values in
developing priorities and goals related to sustainability research is essential to approaching
sustainability in a way that is relevant and potentially transformational [86,149]. Sustain-
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ability transformation requires local context and input; coproduction and participatory
methodologies can support the incorporation of local perceptions of sustainability [90,149].
An example of this is Inuit Qaujimajatuqangit, which has sustainability principles em-
bedded within Inuit societal values, particularly the principle of avatimik kamattiarniq,
which “encourages sustainable social/environmental stewardship” [124]. Although the
term coproduction was not widely used in the analyzed policy documents, many of the
principles of knowledge coproduction were discussed throughout, highlighting that while
northern organizations may be slower to adopt the term than the research community,
the process itself is important. Self-government and self-determination can support the
capacity for Indigenous northerners to engage in sustainability research and to apply the
results within their own decision-making organizations [8,150].

Within the broad sustainability priorities discussed throughout the policy documents,
variability exists between regions and communities regarding specific research priorities
and questions. Overwhelmingly, environmental sustainability is discussed throughout the
analyzed documents as a key concern for northern regions and as an expected outcome of
northern research. Climate change and resource development are the two major threats
discussed in relation to northern environmental sustainability, and climate change is
identified as “arguably the single greatest challenge facing the Arctic and its residents” [57].
Social and economic sustainability priorities in the North also include issues like language
revitalization and preservation, cultural heritage, mental health and suicide prevention,
impacts of residential schools, healthy lifestyles, economic opportunities, and the impacts of
tourism and other economies [1,57,66,77,91,113,151,159]. While some sustainability topics
that have global significance may not appear to be a local priority, through thoughtful
communication and consultation, they may garner local interest. There are countless
sustainability research gaps with local relevance and scientific significance.

Research on climate change is noted as a community, regional, and circumpolar issue,
yet it is discussed in different ways by different author types. Although climate change,
broadly, is a shared priority, there are divergent priorities between different types of orga-
nizations. For territorial governments, Indigenous governments, and ITK, climate-change
research provides information that can improve local decision-making. The Government
of Canada has obligations to both the northern regions and to circumpolar science, which
is reflected in their discussion of climate-change priorities. They identify the importance of
advancing global knowledge and scholarship of climate change while also acknowledging
the importance of contributing to local knowledge of climate change for solving sustainabil-
ity issues [20]. Priorities at the community scale, as identified by northern NGOs, northern
Indigenous governments and organizations, territorial governments, and ITK, include
how climate change and resource development impact the land, wildlife, and community
well-being in their region. Their priorities are to identify local solutions and adaptations
to support sustainability, emphasizing the critical need for climate-change research to be
relevant and contribute to local decision-making. Climate change and resource develop-
ment at the local scale are discussed as cross-cutting issues that impact sociocultural and
economic sustainability, as well as environmental sustainability, with wide-ranging impacts
on cultural activities, food security, community well-being, and traditional and resource
economies, among others [57,81,113,152,159,160].

6. Conclusions

This examination of northern research-policy documents from across Canada empha-
sizes the critical importance of sustainability research in addressing policy and decision-
making priorities identified by a broad range of organizations. While there are overarching
issues commonly identified across the North, local interests can vary greatly, as can local
perspectives on what sustainability entails. Understanding and responding to this diver-
sity are important aspects of addressing local needs. Our analysis serves to highlight the
importance of coproduction and participatory approaches in aligning sustainability re-
search and policy. We also articulate the impact that including policy and decision-making
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organizations can have on creating a pathway from research to evidence-informed policy.
Ultimately the policy documents analyzed emphasize the need for sustainability research
to be conducted in a way that is attentive to the research process, regardless of methodology,
including accountable partnerships, institutional and community ethics, and clear and
open communication.

Although the need for research that is inclusive of northerners, focuses on northern
priorities, and is led and conducted by northerners has been recognized for years, the most
recently produced policy documents and current academic literature still discuss chal-
lenges and gaps with research meeting specific northern needs. Although in many ways,
northern sustainability research has advanced the coproduction of knowledge, northern
organizations continue to focus their limited resources on advocating for better research
practices, indicating that there are ongoing issues. Arising from our policy analysis are
five key recommendations that can support both researchers and northern and Indigenous
organizations to strengthen the research-policy interface for Arctic sustainability:

1. Develop multiscale, inclusive research partnerships–Research partnerships can be
improved at both the individual and organizational scales to focus on northern sus-
tainability priorities. This involves being inclusive of northern leadership, recognizing
northern conceptualizations of sustainability, and ensuring benefits for northerners.
Better partnerships with individual researchers result in improved projects and ini-
tiatives; however, organizational-scale partnerships (e.g., Indigenous or territorial
government to university) have the potential to influence research agendas and im-
prove research across multiple projects. The value of multiscale research partnerships
has been recognized for some time; however, they can require considerable invest-
ments in personnel and financial capacity by all or some of the partners. When
accompanied by policy directives, these investments can be impactful.

2. Ensure distributed benefits–To ensure that the benefits of sustainability research
are distributed across the North, both larger partner organizations and individual
researchers need to consider how they can contribute to local research capacity and
where their research could have the most impact. Some communities may be overbur-
dened with research, while others do not benefit because they are lacking capacity to
attract and engage researchers. Ensuring that benefits reach underserved communi-
ties or organizations may require more time invested in building relationships and
more financial support for local participation.

3. Develop dynamic, tailored communications for different audiences–Policy docu-
ments can be an effective means to communicate an organization’s research interests;
however, they need to be tailored to the appropriate audience. The messages must be
clear, concise, and avoid jargon. While sustainability issues are often complex and
persistent, local priorities may change regularly. This type of information needs to be
updated regularly and can best be communicated through a website, as opposed to a
static report. Developing communication materials and policy documents can require
dedicated staff or external support.

4. Expand on research guidance related to policy contributions–There are numerous
documents already available that provide research guidance and several established
ethical and permitting processes for research. Organizations considering creating
their own research guidance are encouraged to consider how they can fill gaps
in existing guidance documents and avoid duplication of existing advice. Useful
additions would be organizational-specific advice on connecting research with policy
priorities, including clear guidance on how, when, and who to approach at a specific
organization. Articulating specific policy and research interests or priorities can also
help to attract relevant research partners. This requires time and human resources
on the part of the organization; however, it can minimize duplication and maximize
effort in developing tailored guidance where needed.

5. Create more inclusive and accountable processes–Organizations that have the re-
sources to develop and communicate broad research policies can create more inclusive
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processes to ensure transparency and accountability in how they include and repre-
sent Indigenous and community voices. Northern voices have been included in both
scientific and policy literature in the past; however, their interests are usually com-
municated through the lens of the authoring organization. Crediting all contributors,
including direct quotes, articulating and respecting Indigenous values, and develop-
ing more creative approaches to communicating guidance or policy-relevant findings
(e.g., artistic graphics, short, plain-language text with appropriate translation, videos,
podcasts, etc.) can help to enhance inclusion and accountability. Supporting the
inclusion of smaller organizations and community members in policy development
will require dedicated funding for their time to contribute. It also requires openness
and transparency in ensuring that the input of contributors is clearly communicated
and attributed.

While systematic reviews provide insight into research findings from peer-reviewed
literature, they rarely capture research or science policies in the grey literature (e.g., govern-
ment documents, NGO and Indigenous reports and policies). Research-policy documents
are an avenue for northern organizations and governments to communicate their research
goals and priorities and advocate for research that responds to their needs and contributes
to Arctic sustainability. Policy documents provide insight into the motivations of organiza-
tions that are actively involved in guiding, legislating, and conducting research. This study
provides unique insight into the policy context of northern research, examining issues
from the lens of different types of organizations. Although this study did not examine
funding-program documentation, our review does demonstrate the influence of funding
programs in shaping how research is governed and conducted. Future research into the
funding landscape could help to expand our understanding of the role funding plays in
linking research policy with how research is conducted. Relationships, partnership, and
communication are the foundation of relevant and applicable research, and our analysis
shows that these are also essential in ensuring research can inform sustainability policy
and decision-making. Policy applications must be considered at the outset of a research
project, while ensuring inclusive and accountable research processes throughout, to present
evidence that is meaningful in northern and Indigenous contexts. While common sus-
tainability issues were shared amongst the organizations, addressing diverse perspectives
and priorities in different regions and at different scales means that sustainability research
needs to be embedded in local needs and perspectives. Ultimately, aligning northern
research programs and science-policy objectives requires dedicated time and resources for
communication and engagement.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su132112035/s1, Table S1: Details of policy documents analyzed.
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Appendix A. Coding Framework

Table A1. Coding framework.

Coding Topics Parent Codes Sub-Codes

Research concepts

Capacity building Compliance capacity; Cultural competency; Funding stability; Governance
capacity; Research capacity; Review capacity; Training

Communication
and engagement

Authorship; Clear communication; Consultation-engagement; Language;
Local hiring; Local knowledge; Methods of community engagement 1;

Oral history; Plain language; Translation

Context

Academic standards 1; Advance northern scholarship; Colonial history of
research; Community ignored 1; Cross-cultural context; Increase/decrease in

research; Interdisciplinary; Knowledge network; New research paradigm;
Research agenda

Definitions Definition community; Definition data; Definition Indigenous knowledge;
Definition north/Arctic 1

Ethical protocols Informed consent; Local approval; Local protocol; Withdrawing from research 1

Indigenous knowledge (IK)
Documenting IK; Generational knowledge 1; Indigenous research

methodologies; Indigenous worldviews; Integrating IK & science; Sacred
knowledge; Traditions 1

Research outcomes Impact of research; Research benefits; Sustainability 1

Partnership
Accountability; Building relationships; Co-developing 1; Community needs 1;
Northern participation; Research agreement; Research network; Researcher

needs 1; Respect; Understanding

Place Culture camp; Land claims; Mapping; Research burden; Traditional
homelands-territories; Traditional place names

Research lifecycle

Research process

Research planning Identify funding; Identify project priorities & goals; Preliminary engagement;
Recruit project team

Research design
Choose methodology; Create timeline; Develop research question; Identify

resource requirements; Literature-information search; Write proposal;
Proposal review

Preparing for research Acquire permits; Acquire research license; Ethical review process; Gain local
context; Gain local permissions; Plan logistics

Conducting research Analyze data; Collect data & information; Compliance requirements;
Recording information; Storing data; Validate results

Communicating research Community reporting; Publications; Reporting; Sharing data; Writing results

Implementing research Evaluation; informing policy-decision

Research roles

Advisor-mentor; Boundary organization 1; Community; Coordinator; Elder;
Funder; Guide; Legislator-regulator; Local researcher; Participant; Partner

organization; Principal investigator; Researcher; Reviewer; Student; Support
staff-organization; Team member; Translator; User-consumer;

Videographer-photographer; Youth
1 Emergent code.
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Abstract: In this perspective on the future of the Arctic, we explore actions taken to mitigate warming
and adapt to change since the Paris agreement on the temperature threshold that should not be
exceeded in order to avoid dangerous interference with the climate system. Although 5 years may
seem too short a time for implementation of major interventions, it actually is a considerable time span
given the urgency at which we must act if we want to avoid crossing the 1.5 to <2 ◦C global warming
threshold. Actions required include co-production of research exploring possible futures; supporting
Indigenous rights holders’ and stakeholders’ discourse on desired futures; monitoring Arctic change;
funding strategic, regional adaptation; and, deep decarbonization through transformation of the
energy system coupled with negative carbon emissions. We are now in the decisive decade concerning
the future we leave behind for the next generations. The Arctic’s future depends on global action,
and in turn, the Arctic plays a critical role in the global future.

Keywords: Arctic; COVID-19; Indigenous rights; climate change; co-production; desired futures;
adaptation; mitigation; decarbonization; rapid change

1. Introduction

Through feedback and coupled processes, the Arctic system amplifies global change
signals including global warming. Arctic amplification increases temperature rise by a
factor of between 2 and 4 at the pan-Arctic scale [1]. In 2016, a workshop called ‘A 5C Arctic
in a 2C World’ was convened by the Columbia Climate Center to explore the implications
of projected temperature increases in an Arctic context [2]. The report from the workshop
identified a series of measures, couched in terms of recommendations to the First Arctic
Science Ministerial (ASM) [3], to inform and advance effective responses to a rapidly
changing Arctic. Five years later, where do we stand on some of these proposed actions?
Has progress been made; has the rate of change outpaced responses? Is it time to rethink
some of what was proposed?

As participants in the 2016 workshop, we briefly review the trajectory of the Arctic
system in a warming world and revisit the recommendations of the 2016 workshop report,
referred to in this contribution as the 5C Arctic report [2]. The contribution is not meant
to be comprehensive, in particular with respect to research updates, many of which are
reflected in recent Intergovernmental Panel on Climate Change (IPCC) reports [1,4] and the
annual Arctic Report Cards [5,6]. Rather, we focus on the exploration of actions taken to
mitigate warming and adapt to change over the past 5 years. Although 5 years may seem
too short a time for the implementation of major interventions, it actually is a considerable
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time span given the urgency at which we must act if we want to avoid crossing the 1.5 to
<2 ◦C global warming threshold set by the Paris Accord [7] and, more recently, the IPCC
Special Report SR15 (the ‘1.5 degree report’) [8]. According to model projections, in order
to avoid crossing this threshold, we need to reach net zero carbon emissions by the middle
of this century. This means that we have only a decade left to cut emissions by half, which
requires cutting emissions by ca. 7 to 8 percent each year starting now, i.e., in 2022.

Discussion of the root causes underlying the failure to address climate change at the
global or national scale is beyond the scope of this contribution. We acknowledge that
the rapidity of change outpaces timescales over which most societies are able to develop
consensus and commitment to action. Some of the discussions at COP 26 illustrate this
circumstance through the lens of the underlying value systems including equity and climate
justice. At the same time, there are indications that research, focused on understanding
how societies—through social learning and effective decision making—can address major
threats such as climate change, is starting to bear fruit. Below, we provide examples of such
progress on scales relevant to Arctic issues.

2. Materials and Methods

In this perspective, we first consider continuing rapid change throughout the Arctic
system including secular changes, abrupt changes, and shocks. We then explore the
question: are we on the right response trajectory at the required pace? Issues reviewed
include the co-production of research exploring possible futures, supporting rights holder
and stakeholder discourses on desired futures, the need to monitor Arctic change, and
funding strategic and regional adaptation—in contrast to the ad hoc adaptation and self-
adaptation that has mostly been the case thus far. We then address the fact that the Arctic’s
future depends on global action, and, in the inverse, that the Arctic plays a critical role in
the global future.

3. Results

3.1. Continuing Rapid Change throughout the Arctic System
3.1.1. Secular Changes

Since the 2016 workshop, we have seen continuing trends of the key pressure points
on the Arctic system. Cryospheric changes have resulted in major, compounding impacts
on ecosystems and environmental system services important to Arctic Indigenous Peoples
and humanity as a whole [4]. Specifically, summer sea ice reduction, likely unprecedented
over the past millennium, continues unabated [4]. Loss of sea ice is resulting in major
shifts with implications for food webs and marine living resources [9]. Winter sea ice
loss in the Bering Sea, tied to anthropogenic warming [5,10], has led to a northward shift
of fish stocks, with disruption of subsistence and commercial fisheries, compounded by
marine heatwaves [11].

At the same time, a consensus has emerged that sea ice loss is reversible with decreas-
ing atmospheric greenhouse gas concentrations [12]. Permafrost thaw and degradation,
on the other hand, are irreversible on decadal to centennial timescales and have reached
record levels, threatening the release of greenhouse gases from large reservoirs [13]. The in-
creased surface melt of the Greenland Ice Sheet has contributed significantly to accelerated
global sea level rise, with Greenland expected to continue as the single largest contributor
to global sea level rise in the coming decades [14]. Ice sheet loss mechanisms suggest a
greater vulnerability to ocean heat increases and surface melt than previously envisioned,
emphasizing the potential for greater uncertainty and underestimation of Greenland’s
contribution to sea level rise [1,4].

Terrestrial Arctic ecosystems are undergoing substantial changes, ranging from “green-
ing” of the land cover to the increasing importance of wildfires in landscape disturbance
and carbon loss [15,16]. These changes are stressing Arctic communities and societal dy-
namics, including challenges related to transportation, infrastructure, and food security.
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For example, residents are facing the ongoing loss of biodiversity and decline in health and
populations of critical subsistence species both in marine and terrestrial environments.

These latter threats are tied to health and well-being, in particular through food
security. The Utqiaġvik Declaration expressed this in the following way, “Inuit food
security is multi-faceted and reflective of interconnecting elements, such as language,
child development, mental and physical health, high cost of transportation, economic
development, and management. The Arctic’s living resources and the ability of our hunters
to harvest and process these resources are fundamental to food security and core to Inuit
identity, making the health and availability of Arctic wildlife of utmost concern” [17]. This
is fundamentally true for all Arctic Indigenous Peoples—hunters, herders or otherwise.

Reflecting on the 6th Assessment Report of the IPCC [1], Inuit Circumpolar Council
(ICC) Chair Dalee Sambo Dorough stated, “Inuit have moved beyond ‘if’ climate change
is real to action to protect Inuit Nunaat—our Inuit homeland—including the Arctic land,
sea ice and the Inuit way of life. Inuit have been calling for immediate action to contain
temperature rise to 1.5 ◦C, as even this increase will see the reduction in Arctic sea ice, snow
cover, and permafrost loss continue. Both the Policy Summary and the Technical Summary
note with high confidence that the rate change continues, with sea ice becoming younger,
thinner, and more dynamic (very high confidence). Such change has severe consequences
for our food security and multiple other aspects of our day to day lives” [18].

The current work indicates major changes in ecosystems, including the appearance
of novel contaminants [19] and invasive species [20]. Expanded shipping and fishing in
Arctic waters along with wind and ocean currents bringing and accumulating microplastics
result in Arctic communities having to deal with increased levels of debris, fishing gear,
and microplastics [21].

Concomitant with these changes, adaptation is occurring at both local and regional
scales. An example of a new adaptive strategy is vegetable farming [22], such as off-grid
containerized agriculture [23]. However, many such approaches and innovations are
fragmented, disconnected, and/or still in development stages and hence lose adaptive
significance and do not increase overall resilience (e.g., [24]). The lack of strategic adaptation
naturally leads to ad hoc self-adaptation of the Arctic system that has the potential to add
additional challenges to our capacity to respond to the multi-dimensional and highly
interconnected set of changes seen in the Arctic system.

3.1.2. Abrupt Changes and Shocks

Studying past changes manifested in paleo archives, such as ocean sediments or ice
cores, reveals that changes in complex systems—and, the Earth system is the ultimate
complex system—can occur relatively smoothly. However, they also demonstrate that
typically these complex systems also show rapid (abrupt) changes. During 2020 and 2021
we have been reminded by the rapid emergence of COVID-19 how quickly changes can
occur—in essence, as shocks to the system [25].

The COVID-19 pandemic created another unsettling stress on Arctic Indigenous
communities compounding the already significant challenges presented by the multiple
pressures they have experienced in recent decades [26]. Most communities responded with
great concern and established recommended social distancing protocols between house-
holds, with preliminary research suggesting that such measures were effective relative to
regions at lower latitudes [27]. Travel was restricted and involved extended quarantines.
As for so many people, this caused separation and a sense of isolation. However, Arctic
Indigenous people greatly depend on large, extended families for their social, cultural,
nutritional, and emotional well-being. Indigenous food security in small village communi-
ties that rely on communal harvests and sharing practices were altered because of social
distancing. Significant community gatherings for celebrating, honoring, and healing were
interrupted for over a year, which has caused unresolved public health concerns.

COVID-19 alerted us to how vulnerable our highly interconnected Earth system is
and how shocks to one part of it will ripple through the entire system, including all
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environmental and societal components [25]. However, it also showed that society has
the capacity to react quickly and offer responses such as testing to diagnose the extent
of the impact and vaccination to control the pandemic. Additionally, we learned that
measures that are available to minimize adverse effects of particular pressure on our planet
or one of its subsystems are frequently not taken up by parts of local, regional, and global
communities. And, we learnedthat even when uptake is desired, solutions may not be
readily implemented due to wealth, infrastructure, and other disparities. In the end, it also
highlights that the deciding factor for how we master challenges to the Earth system is
not the availability of (technological) solutions, but our willingness to act. Additionally,
in many cases, we are too slow in our response, thereby increasing the challenges for the
present and future generations to thrive on a healthy planet.

3.2. Are We on the Right Response Trajectory at the Required Pace?

As highlighted in the 2019 IPCC Special Report on the Oceans and the Cryosphere [4],
governance systems at the pan-Arctic and global scales are challenged by the rapidity and
interconnectedness of changes, pushing existing response mechanisms to the brink and
straining the limited capacity at the level of Arctic communities and regions. However,
there has also been progress on several fronts. While since 2016 we saw several major
changes in the political and governance systems with slow or no tendency to action related
to the threats faced by global society around the world, we are noting a recent reversal
of some of these trends, initiatives, and legislation. Especially when it comes to climate
solutions, there is a significant set of actions that are under consideration or have been
moved forward.

3.2.1. Co-Production of Research Exploring Possible Futures

The 5C Arctic report recommended: “Enhance and support research in projecting
which future states of the Arctic are possible in principle, under which conditions they can
be reached, and which impact they would have” [2]. Some progress has been made in recent
years recognizing the role of different approaches and knowledge systems—in particular
Indigenous knowledge (IK) [28,29]—in describing the plausible range of future states of the
Arctic system and the impacts of changes of the present state, from the local to the global
scale. However, holistic approaches and mechanisms for bringing relevant knowledge to
bear on Arctic issues remain peripheral and under-resourced (see also Table 1).

Earth system models, as well as multi-sector dynamics or integrated assessment
models, hold significant promise but are currently not able to capture the full range of
plausible futures and associated outcomes in a rapidly changing Arctic. Key processes,
such as implications of permafrost degradation, are not yet fully captured, nor are societal
and geopolitical drivers of change. In the near term, this shortfall presents challenges
in meeting global and Arctic carbon policy and management goals, for example with
respect to the impact of underestimated permafrost carbon feedbacks [30]. In this context,
participatory scenarios may serve as a useful complement to models and have gained
prominence in identifying impacts and vulnerabilities in the Arctic [31,32]. Scenarios draw
on both quantitative and qualitative information and expertise, and hold great promise as
vehicles for mutual social learning and the formation of communities of practice. A major
hurdle that needs to be overcome is how to facilitate participation by Arctic rights holders
and a broader range of stakeholders.

Indigenous involvement in research and policy development must include greater
equity with the scientific and research sector. Funding should provide IK scholars with
an equitable level of participation and should provide support for IK as a system of
knowledge and learning. Some examples are Sea Ice and Walrus Outlook (SIWO) (https:
//www.arcus.org/siwo, accessed 2 September 2021), which is a collaboration of sea ice
observations related to walrus migration in spring, and the U.S. National Science Founda-
tion’s Navigating the New Arctic initiative and their efforts to recognize the value of proper
co-production of knowledge. In Canada, several compelling examples of Indigenous-led
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monitoring, co-production and co-management have recently been compiled to illustrate
the breadth and efficacy of different approaches [33]. Another example is Sea-Ice Monitor-
ing and Real-Time Information for Coastal Environments (SmartICE). This is a partnership
among communities, academia, and governments that draws upon Inuit traditional knowl-
edge and state-of-the-art technology to support ice-information needs (https://smartice.org,
accessed 5 January 2022). Since its inception as a co-produced research project, SmartICE
has developed into a social enterprise with a business model grounded in Inuit values
including intergenerational teaching, community building, and meaningful employment
for Inuit youth. A final example of funding IK expertise and participation in climate change
research is Ikaaġvik Sikukun (https://www.ikaagviksikukun.org, accessed 7 January 2022)
in Kotzebue, Alaska. The stated goals include to “...address key questions concerning the
mechanisms and impacts of rapid changes taking place in the Arctic while ensuring that
our answers incorporate traditional ways of knowing and are relevant to local needs”. In
the words of ICC Chair Dalee Sambo Dorough, “There is a pressing need for large-scale
institutions to be responsive and adaptive to understand and address diverse issues across
scales. Such adaptation requires the involvement and use of Indigenous Knowledge to
inform research, observation and monitoring programs, as well as governance” [34].

Table 1. ICC Priorities in Guiding Research in Inuit Nunaat as laid out in the Utqiaġvik Declaration
2018 (reprinted with permission from Dalee Sambo-Dorough, ICC Chair, [35]).

The following actions are required to protect Inuit Nunaat and guide academic institutions,
governments, and researchers in the conduct of the Inuit Nunaat research:

• Enhance ICC’s work with Arctic research efforts, such as the Arctic Council’s Arctic
Monitoring and Assessment Programme (AMAP) Working Group, Sustained Arctic
Observing Network (SAON), International Arctic Science Committee (IASC), the European
Union (EU), and during high-level ministerial processes to ensure our views and concerns
are addressed on how research in the Arctic should be conducted and to highlight how
ethical approaches for research in the Arctic advance Inuit self- determination in research;

• Urge ICC to promote the interconnectedness of drivers of change and the interrelated
impacts and implications on our health, economy and environment in high level political
discussions and decision-making at fora such as the Arctic Council, the EU and UN agencies
among other relevant international fora;

• Mandate ICC to participate actively in the operationalization of the United Nations “Local
Communities and Indigenous Peoples Platform” to create a space to share best practices,
relevant climate change programs and policies, and build capacity for Indigenous Peoples to
engage in the UNFCCC process

Just as Science, Technology, Engineering, and Mathematics (STEM) funding aims to
grow the next generation of scientists, engineers, and researchers for universities, govern-
ment agencies, and research institutions, IK should have equivalent initiatives to ensure
there is the next generation of IK experts and practitioners in all communities and regions.
This is critical for Indigenous communities’ full and proper partnership in the co-production
of knowledge projects in the Arctic into the future. The scientific/academic/governmental
knowledge production industry is firmly established and well-funded to perpetuate itself,
but even it must create large funding initiatives to support additional STEM education,
post-graduate internships, and postdoctoral opportunities to develop the next generation
of scholars, scientists, and researchers to continue their work.

Co-production approaches and adaptation strategies for Arctic Indigenous communi-
ties require a balanced approach with resources committed to support the continuity and
growth of IK, the Indigenous Peoples’ way of knowing and understanding (Table 1). In
broad terms, Indigenous education is comprehensive and involves extensive experiential
learning, language instruction, and study of cultural practices, beliefs, and spirituality. The
learning experience of IK sharing is a necessity for the well-being of Indigenous people,
families, and communities and is necessary to ensure that IK remains a critical partner and
contributor to humankind’s understanding of the Arctic.
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3.2.2. Rights Holder and Stakeholder Discourse on Desired Futures

The 5C Arctic report recommended: “Design, initiate, and support a platform for a
broad stakeholder dialogue on which future state of the Arctic we should strive for, drawing
on existing local and regional platforms. The outcomes of the continuing dialogue have to
inform decision-making processes in the context of the evolving Arctic trajectory” [2]. It is
important to differentiate Indigenous communities and “local” communities, even though
the experiences and knowledge of both contexts have important roles in understanding and
responding to the challenges of the Arctic. Specifically, the UN Declaration on the Rights of
Indigenous Peoples recognizes “the urgent need to respect and promote the inherent rights
of indigenous peoples which derive from their political, economic and social structures and
from their cultures, spiritual traditions, histories and philosophies, especially their rights
to their lands, territories and resources” [35]. This presents a distinctively different status
than “local communities”, which is the term generally used to describe the inhabitants of a
geographic area. This necessity of ensuring the sovereignty of Indigenous communities
to maintain connection to their land and waters and to conserve its resources, which
have sustained Arctic Indigenous Peoples for millennia, must be recognized. Therefore,
Arctic Indigenous People should be designated as “rights holders” instead of stakeholders.
Stakeholders for Arctic discussions include many different interest groups, industries,
and organizations.

The viewpoint from an Indigenous coauthor of this perspective (V.M.) ties in with the
acknowledgment by participants in the 2016 workshop that “There is no ‘one Arctic’”—a
point echoed by Young in 2021 [36] from a governance perspective. The need for a platform,
in the broadest sense, to support discourse on different desirable and achievable future
Arctic states is greater than ever. However, this question has already been answered by the
Arctic’s Indigenous Peoples. Any discourse about Arctic futures raises fundamental ethical
questions that remain as vexing as ever in light of competing interests and post-colonial
tensions [34]. Some might point to the Arctic Council as a consultative body or the U.N.
Framework Convention on Climate Change and its various instruments to effect climate
justice as entities that could support discourse.

At the same time, the importance of rights holder perspectives and place-based solu-
tions has already been reflected on above with respect to community-driven adaptation and
change management. This calls for a multitude of conversations in a polycentric approach
to foster synergy and cross-Arctic communication and mutual support that is nevertheless
tied to a particular place.

As an Indigenous Peoples non-governmental organization, the ICC-International has
United Nations Consultative Status and is active in its role, including within the United
Nations Permanent Forum on Indigenous Issues (UNPFII), which is the central United
Nations coordinating body for Indigenous Peoples. ICC-International is also a Permanent
Participant at the Arctic Council, one of six Indigenous Permanent Participants (the others
being the Arctic Athabaskan Council, the Aleut International Association, the Gwich’in
Council International, the Russian Association of Indigenous Peoples of the North, and the
Saami Council). The ICC considers the UN and Arctic Council activities as fundamental to
its work as an international organization. Each provides a degree of involvement in areas
important to Inuit Nunaat, such as human rights and health, environment and climate
issues, and food security.

“There is a strong connection between our culture, environment, and our home-
land, which transcends national and political boundaries and connects us as one people.
We affirm our right to self-determination and through a unified voice and approach are
committed to advocate for, and protect the collective interests of, our membership at the
international level” [37] (p. 6).

The priority areas presented in the Utqiaġvik Declaration [17] identify what is impor-
tant to Inuit in the Arctic of the future. Together they represent the understanding that “We
continue to rely on the land and ocean for nutrition, social, cultural, and spiritual well-being
as well as traditional healing across Inuit Nunaat” [37]. In the words of co-author Vera
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Metcalf, “We are only as healthy as our world is—our homeland and waters, air, and all
those living with us”.

3.2.3. Monitoring Arctic Change

The 5C Arctic report recommended “Complete and sustain the emerging Arctic Ob-
serving System, augmented by early warning components and enhanced Arctic system
models to closely track key components of the changing Arctic” [2]. The importance of
networks of sustained observations of Arctic change has increased further since 2016,
driven by a combination of factors. The extent, pace, and effects of Arctic system change
are key drivers of response action to mitigate risks stemming from feedback processes
and adverse impacts from the local to the global scale. With accelerated and potentially
underestimated changes, in particular in the Arctic cryosphere (see above), anticipating
major transitions through observations and observation-informed models is increasingly
relevant. As articulated in the National Academy of Sciences “The Arctic in the Anthro-
pocene” report, monitoring is a critical alert system for “unknown unknowns” [38]. At the
same time, increasing human activities and potentially competing interests in the Arctic
have created an urgent need for observations that meet a range of societal information
needs. A series of recent reports have examined in more detail the societal (including
economic) benefits of Arctic observing activities in response to priorities defined by the
Arctic Observing Summits (AOS) and the ASM process [39,40]. Finally, observations will
be central to assessing the efficacy of any global scale action meant to stabilize and reduce
atmospheric greenhouse gas concentrations.

The SAON initiative has recently made significant progress towards the implemen-
tation of more concerted observing efforts. In this context, the focus on widely shared
benefits as a driver of the collaborative or coordinated deployment of observing assets
has gained traction and is embedded in SAON’s Roadmap for Arctic Observing and Data
Systems (ROADS) [41].

A remaining challenge is the lack of effective, internationally coordinated funding
support mechanisms for such work. One of three themes of the Second ASM was “Strength-
ening, Integrating and Sustaining Arctic Observations, Facilitating Access to Arctic Data,
and Sharing Arctic Research Infrastructure”, which has led to the creation of an Arctic Fun-
ders Forum [42]. Yet, major bureaucratic hurdles continue to impede effective transnational
funding capabilities and capacities—despite the positive outcomes achieved by the Belmont
Forum in accelerated international co-sponsorship of environmental research. Individual
countries are also challenged to coordinate internally so as to effectively contribute to
an internationally supported effort [43]. At the same time, we need to acknowledge that
the co-design and co-management of sustained observations and observing networks in
partnership with Arctic Indigenous Peoples has some ways to go. There remain significant
challenges in bridging knowledge systems and providing opportunities and resources,
although the needle is starting to move. In addition to community-driven observing ini-
tiatives and individual collaborations at the local scale [44,45], there is encouragement in
SAON ROADS calling for Indigenous-led Expert Panels to help identify and prioritize
observations with societal benefits in mind [41]. As another example, Canada and the
United Kingdom recently agreed to cooperatively fund the Canada–Inuit Nunangat–United
Kingdom Arctic Research Program, which is guided by the National Inuit Strategy on Re-
search [46] and requires full Inuit engagement in leadership, design, development and
execution. In the words of ICC Chair Dalee Sambo Dorough: “Our desire is that our
perception of the Arctic is well understood, that Indigenous knowledge is acknowledged
and utilized, that we seize opportunities for co-production of knowledge, and that we
create a shift of what observing priorities are—all these steps create opportunities for action.
Each of these points could trigger a change of how science is conducted in the Arctic by the
simple act of reaching out to our communities, the willingness to co-produce knowledge,
while respecting the value of Indigenous knowledge and the ethics related to utilizing it.
There are many opportunities throughout observation processes for real action” [47].
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3.2.4. Supporting Adaptation to the Changing Arctic

The 5C Arctic report recommendations included “Expedite research on adaptation
of the Arctic to ongoing and expected environmental changes and provide resources
for implementation of science-based adaptation strategies” and “Ramp up technical and
financial support for Arctic societies needing strategic adaptation solutions—including
relocation and soft infrastructure support (building codes, zoning, and others)” [2].

Since the release of the 5C Arctic report, a series of key publications by the Arctic
Council’s Arctic Monitoring and Assessment Programme (AMAP) has provided a kind
of roadmap for broad-based adaptation action—with one important caveat. With three
regional foci—Bering/Chukchi/Beaufort Region, Barents Region, and Baffin Bay-Davis
Strait Region—the Adaptation Actions for a Changing Arctic (AACA) effort examined
a broader range of options and approaches for adaptation measures [32]. Significantly,
the Bering/Chukchi/Beaufort Report recognized the importance of developing a shared
vision for desired Arctic futures by Arctic rights holders and stakeholders ([32]; see also the
previous section), pointing to participatory scenario frameworks as a means to approach
such visions. However, despite all their strengths, the AACA activities and reports are po-
sitioned mostly within an academic/government agency framework with disproportionate
space given to a review of the magnitude and impacts of change, and little involvement
of Indigenous expertise in the drafting of the reports. This circumstance is reflected in
the Arctic Adaptation Exchange that emerged under the U.S. Climate Resilience Toolkit
(https://toolkit.climate.gov/tool/arctic-adaptation-exchange, accessed 1 October 2021) as
a follow-on to AACA, which is well positioned but underutilized in an adaptation context.

A number of other actions taken at the national and international level may qualify
as adaptation measures or point in the direction of response. For example, the imple-
mentation of legally binding frameworks for search and rescue and spill response by the
Arctic Council—established as a consultative rather than an executive body—is notewor-
thy [48,49]. Ratification of the Agreement to Prevent Unregulated High Seas Fisheries
in the Central Arctic Ocean (CAOFA) [50] in 2021 with all Arctic coastal states, China,
Japan, the Republic of Korea, and the European Union as signatories has sent an even
stronger message. Specifically, the CAOFA calls for and has set in motion international
scientific collaboration and monitoring to establish the state of marine living resources
in the central Arctic Ocean, with the potential to develop a joint, ecosystem-based man-
agement regime [51]. In a similar vein, the ASM has demonstrated potential as a forum
to advance internationally coordinated research responses to pressing Arctic issues. The
Third ASM, co-hosted by Iceland and Japan in 2021, drew science ministers and officials
from 27 countries, identifying priorities for international collaboration and helping build
momentum for the support of concerted action by both Arctic and non-Arctic states. The
guiding principles were transparency, inclusivity, and implementing a bottom-up approach
to science. ASM3 expanded the ASM process by “attempting to create a more formal
consultation process with the wider research community”, complemented by “updates
and new projects from participating countries, Indigenous Peoples’ organizations, and
international organizations engaged in Arctic science and education” [52]. Efforts such
as the Sustaining Arctic Observing Networks (SAON) initiative, which is supported by
both Arctic Council member states and non-Arctic states through membership of SAON
co-sponsor International Arctic Science Committee (IASC), have shown promise as vehicles
for follow-through on ASM recommendations. However, challenges remain, such as devel-
oping instruments for joint, transnational funding of internationally coordinated response
action.

The designation of protected areas in light of rapid change can be a mechanism
to develop effective response strategies at the local and regional level. Canada’s recent
designation of the Last Sea Ice—Tuvaijuittuq Marine Protected Area in the High Arctic—or
the Northern Bering Sea Climate Resilience Area in the U.S. are examples of such action.
Although, many questions remain as to how to best steward and manage such reserves.
Different assessments have demonstrated that Indigenous, community-based management
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and support activities, such as community-driven monitoring, are most effective in ensuring
adaptive and sustainable resource management in rapidly changing environments [45,53].
In the Arctic, increasing devolution of regulatory powers to the local, typically Indigenous-
managed scale is evident. Examples include regulatory and management authority granted
to the Nunatsiavut Government over terrestrial and marine resources in Labrador, Canada,
or the Piniakkanik Sumiiffinni Nalunaarsuineq (Pisuna) locally based monitoring system
that informs adaptive management approaches in Greenland [44].

However, finding an effective and equitable balance between local and broader in-
terests and perspectives remains a challenge. For example, there may be many different
levels of government involved in observing and monitoring various aspects of the Arctic
environment but little or no communication among those entities (federal, regional, local,
etc.) to ensure consistency in approach, to eliminate redundancies and fill critical gaps, and
to leverage resources including human capacity and Indigenous expertise. This disconnect
can hinder efforts to adapt to change, such as leading to a mismatch between regulatory
frameworks that may control access to critical resources—e.g., country food and observa-
tional information—which indicates a need for regulatory flexibility in a rapidly changing
environment. The problem is equally applicable from the local to international scales.

The activities of hunting, fishing, herding, gathering, and sharing, then preserving,
preparing, carving, sewing, and more must all be kept and supported as times of learning
IK to ensure our next generation of IK bearers is prepared to provide the unique way-
of-knowing to Arctic research and governance. This is where the Utqiaġvik Declaration
priorities of Food Security, Education and Language, Indigenous Knowledge, Sustainable
Wildlife Management, and Environment are most directly aimed and where progress
toward Indigenous-led resource management will be critically important to the future of
the Arctic. The following from the Declaration illuminates this: “Food security is central to
Inuit identity and way of life; is characterized by a healthy environment and encompasses
access, availability, economics, physical and mental health, Inuit culture, decision-making
power and management, and education. Therefore, it will be promoted and endorsed in all
aspects of ICC’s work” ([17], preamble).

3.3. The Arctic’s Future Depends on Global Action

Arctic warming is mainly driven by actions taken outside the Arctic. One prime
example is the atmospheric concentration of carbon dioxide which is responsible for ca.
two-thirds of the greenhouse gas effect. It is emitted primarily in mid and low latitudes
but affects the globe as a whole due to the rapid mixing of the atmosphere on hemispheric
(less than one year) and global scales (several years). Since 2016, CO2 concentrations in the
atmosphere have increased steadily at a rapid pace from about 402 ppm (parts per million)
(2016 January) to about 418 ppm (2022 January), thereby driving further global and regional
warming. These changes imposed onto the Arctic by drivers located in lower latitudes
amplify warming in the Arctic—now assumed to exceed 3–6 ◦C for a 1.5 ◦C rise in global
temperature. An analysis by Carbon Brief following COP26 estimates that current policies
concerning carbon emissions will lead to global warming between 2.6–2.7 ◦C by 2100 (with
an uncertainty range of 2 to 3.6 ◦C) [54]. On the other hand, if countries meet their long-
term carbon emission goals, the warming would be kept at about 1.9 ◦C. There are feedback
loops through which the amplified warming of the Arctic affects the lower latitudes, for
example through weather patterns influenced by the strength and geographical pattern of
the Arctic Vortex [1,55].

The 5C Arctic report recommended: “Deploy measures for deep decarbonization of
the global energy system and accelerate the upscaling and deployment of technologies for
negative carbon emissions. Unify the efforts for allocating resources to master this historic
challenge”. Decarbonization of the energy system and a reduction in carbon emissions
require an accelerated buildup of renewable energy production. According to the IEA, it
is possible to reach net zero carbon emission by 2050 if the right actions are taken now
and are sustained [56]. Most of the substitution for fossil fuels will come from solar and
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wind energy. The report emphasizes that the pathway toward net zero carbon emissions is
narrow and requires the “massive deployment of all available clean energy technologies—
such as renewables, EVs, and energy efficient building retrofits—between now and 2030.
For solar power, it is equivalent to installing the world’s current largest solar park roughly
every day”. The number of ambitious goals by governments and the private sector is
growing steadily (e.g., Europe’s goal to cut emissions by 55 percent by 2030 to stay on
course for carbon neutrality in 2050 [57], China’s announcement to stop financing coal-fired
power plants abroad [58], Microsoft’s plan to be carbon negative by 2030 [59]), but in many
cases the pace of implementation still lags behind the stated goals.

In addition to the buildup of renewable energy sources, reaching net zero carbon emis-
sions by 2050 requires a substantial capacity for negative emissions. Negative emissions are
one of the major concerns laid out in the 2016 report. There are increasing efforts to upscale
negative emissions through nature-based and technological solutions. Examples of nature-
based solutions include reforestation (e.g., the American Forests Trillion Trees Movement),
the restoration and expansion of wetlands and peatlands, regenerative agriculture, and
marine ecosystem augmentation or restoration practices. Technological solutions include
mechanisms that extract carbon dioxide from the atmosphere, including those developed
by the construction of CO2 extraction units by at least four startups (Climeworks, Carbon
Engineering, Carbon Collect, and Global Thermostat.). Although those startups are still
in the process of scaling their technology to the next level of tons to hundreds of tons per
day, they principally can be scaled to the Gigaton level needed by mid-century to reach the
goals of the Paris agreement.

Overall, there is more global action towards the recommendations related to the
transformation of the energy system towards carbon neutrality by 2050 listed in the 2016
report. However, it is also clear that the pace towards implementation of the measures
outlined in this report has to be accelerated.

3.4. The Arctic Plays a Critical Role in the Global Future

In the past, the Arctic was frequently seen as a part of the Earth system that is largely
decoupled, being located ‘at the end of the world,’ but also playing a minor role in global
budgets such as heat and water transport. The Arctic system was thought to be mainly
driven by global processes without major feedback on lower latitudes. It is now clear that
there are powerful feedback loops from the Arctic to lower latitudes including impacts on
weather systems, freshwater budgets in critical areas of the world ocean, and impacts on the
global albedo and radiation balance. This recognition has led to improved integration of the
Arctic into Earth system models, and it is now also widely accepted that Arctic communities
and their knowledge systems have to be included in decision-making processes within the
Arctic and beyond its geographical borders.

This changing situation is well captured by Lisa Koperqualuk, ICC Canada Vice-
President (International), who stated “Inuit recognized early that safeguarding the Arctic
would protect the planet—however, these calls remain unheard. As an observer to the
IPCC, ICC advocated for the co-production of knowledge to guide the AR6, which would
include Indigenous Knowledge as an important knowledge source” [18].

4. Conclusions and Outlook

We see increasing activity in most of the areas addressed in the 2016 report ‘A 5C
Arctic in a 2C World’ [2]. It is also clear that the present pace of response to the challenges
facing the Arctic and its communities remains too slow. However, there is still hope that
humankind can turn the corner and implement the necessary steps to reach solutions to
the challenges caused by the ever-expanding human footprint on our planet. These are
solutions that include the Arctic with its amplified response to global drivers.

A key challenge is the fact that the rate and magnitude of change experienced by
Indigenous Peoples of the Arctic and other Arctic residents outpace changes at lower
latitudes. Yet, policy in many Arctic nations is made in locales and by policymakers far
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removed from where the greatest impacts are felt. This reality, combined with a history
of colonization and focus on extractive resource development, complicates the translation
of lessons learned in the Arctic into national or global policy frameworks. This is also
reflected in the discourse around climate justice at COP 26 where a rift has expanded
between industrialized nations on the one hand, and developing countries and Indigenous
Peoples on the other. Part of the work in bridging this rift and supporting climate action
involves framing and communication of the issues highlighted in this perspective from an
Arctic into a global setting.

Strong Arctic voices can bring the major issues facing the Arctic to the attention of
those involved in the decision-making processes that will decide the trajectory of the Arctic
and indeed the planet. Although finding these voices is a challenge in itself, and clearly
there are many positions concerning which Arctic future is the most desirable, a consensus
has to be found concerning the future for which we should aim. For example, the voices
of the people of the low-lying island nations had a major impact on the definition of the
temperature targets during COP 21 that led to the Paris Agreement [7].

Unfortunately, at this critical time when it is so necessary for the voices of Arctic
Indigenous Peoples to be heard, the COVID-19 pandemic’s impact on engagement with
government managers on policy, and with science on research, has limited Indigenous
participation even more. Since most boards, commissions, and workgroups, which are
primarily made up of individuals from different communities, postponed travel for face-to-
face meetings, engagement, full involvement, and collaboration did not happen. Virtual
meetings did not provide the same opportunity for effective participation, especially
since Internet-based communication remains too expensive, very slow, and unavailable
to most community members—a good illustration of Indigenous People’s ongoing dis-
parity in their ability to respond to crises or participate in solution development due to
insufficient infrastructure.

We are now in the decisive decade concerning the future we leave behind for the next
generations. Every year we fail to meet the milestones towards the targets that would
reroute our planet and the Arctic onto a sustainable track into the future will require
stronger, more concentrated, and more focused efforts in the years ahead. Additionally,
if we hedge the milestones for too many more years, the envisioned targets will be un-
reachable. The coming few years will give us a clear indication if we are moving towards a
future of hope or if we have missed the chance to preserve the ‘safe operating space for
humanity’ in the decades and centuries to come [60].
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Abstract: The unraveling of the Arctic is bad enough for the Arctic itself, but it will have enormous
consequences for the entire planet since the Arctic is a crucial component of the global climate
system. Current policies do not provide much hope to prevent these harms. We have committed
the earth to too much warming to take a step-by-step approach. We have entered a period of history
when planetary management has become unavoidable and must move forward on many fronts
simultaneously. Key components of a multiprong approach include decarbonization, focus on short-
lived climate forcers, greenhouse gas removal, adaptation, Arctic interventions, and solar climate
intervention. This article discusses the last option, which may be the only means of cooling the earth
quickly enough to save Arctic ice and permafrost. Scientific research is essential to better understand
its feasibility, effectiveness, and safety. However, research is not enough; we need to be ready to
respond right away if Arctic or global temperatures need to be lowered quickly. This means we
need significant technology research and development so that solar climate intervention technologies
are deployment-ready in the relatively near future, perhaps in a decade or two, and could be used
should the need arise and should research show that they are effective and safe.

Keywords: Arctic; climate engineering; climate intervention; solar radiation management

The year 2021 has seen a number of welcome developments on the international
climate change front—the reengagement by the United States in the Paris Agreement; the
increasing number of pledges by countries to achieve net-zero emissions by mid-century
or thereabouts; and the slew of climate change initiatives by investors, industry groups,
and other non-state actors. But while these are all essential steps forward in international
climate policy, will they be enough to keep the Arctic from unraveling and causing dire
harm to the global climate system? We think not and therefore propose a multiprong
strategy to sustain the Arctic, including the possibility of solar climate interventions, if
shown to be safe and effective.

Each week seems to bring more bad news:

• Arctic sea ice thinned 60% more than previous estimates in the period from 2002 to
2018 [1].

• Warm water from the North Atlantic is hindering sea-ice growth in the Arctic Ocean [2].
• Melting at the bottom of the ice sheet (not just surface melting) accounts for a signifi-

cant amount of Greenland ice loss [3].
• The majority of marine-terminating glaciers in northwest and central-west Greenland

are experiencing accelerating mass loss [4].
• Temperatures in the Russian Arctic exceeded 30 ◦C in May, more than 20 ◦C above

average for that time of year, accelerating the collapse of Russian infrastructure from
thawing permafrost [5].

In a powerful message, a recent report by the Arctic Monitoring and Assessment
Program (AMAP) found that the Arctic has warmed three times as much as the global
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average over the last fifty years, not two or two-and-a-half times as much as previously
believed [6]. One study found that we may be nearing the threshold beyond which
Greenland ice loss will be irreversible [7].

The unraveling of the Arctic is bad enough for the Arctic itself, but it will have
enormous consequences for the entire planet since the Arctic is a crucial component of the
global climate system [8]. Its sea ice and spring snow cover reflect an enormous amount
of heat back into space, its frozen high-latitude soils contain double the carbon content of
the atmosphere [9], and its glacial ice holds enough water to cause over seven meters of
sea-level rise [10].

Given its central role in the climate system, “what happens in the Arctic does not stay
in the Arctic,” as an Arctic official once put it [11]. As Arctic ice melts and spring snow cover
shrinks, the Arctic Ocean and land surface become darker and reflect less sunlight back into
space, thereby exacerbating global warming [12]. As Arctic permafrost thaws, it releases
carbon dioxide and methane, potentially using up much, if not all, of the greenhouse gas
budget available to limit global warming to 1.5 ◦C, according to recent estimates [13]. As
Greenland and other smaller Arctic glaciers melt, sea-level rise accelerates, tying the fate
of Greenland to the fate of Miami. As the Arctic atmosphere warms, the jet stream likely
weakens, radically altering mid-latitude weather patterns, as we are witnessing in real
time [14].

Can these harms be prevented? Current policies do not provide much hope.

• 1.5 ◦C temperature goal—Global climate policy, as reflected in the Paris Agreement,
aims to limit global warning to 1.5 ◦C at best. However, as the IPCC 1.5 ◦C Special
Report indicates, even if we were able to limit global warming to 1.5 ◦C, there would
still be significant harms [15]. Already, the Great Barrier Reef and most of the world’s
other coral reefs are dead or dying, and the world is experiencing more extreme
weather events, including worsening droughts and wildfires, greater heat extremes,
and more intense tropical storms. Additionally, global warming of 1.5 ◦C means
Arctic warming of about 4.5 ◦C. Moreover, that is the best-case scenario. Limiting
warming to 1.5 ◦C would be huge stretch, given the continuing upward trend in global
greenhouse gas emissions and the fact that the atmosphere already contains 419 ppm
of CO2, 50% percent above pre-industrial levels. In reality, we will be lucky to limit
global warming to 2 ◦C, a temperature increase that the paleoclimate record suggests
would ultimately be accompanied by many meters of sea-level rise [16]. The world
could easily be on its way to a warming of 3 ◦C, which would mean 9 ◦C of Arctic
warming, if the Arctic continues to warm three times faster than the global average.

• Emissions pathways: overshoot and return—Most of the emission pathways considered
by the IPCC to achieve the 1.5 ◦C target assume that we will initially overshoot
the target and then need negative emissions to bring temperature back down. The
problem is that some of the harm from overshoot will be effectively irreversible in
meaningful time frames, such as the release of carbon dioxide and methane from
thawing permafrost and the disappearance of Greenland and other Arctic—as well as
Antarctic and mid-latitude—glaciers.

• Arctic policy—Arctic policymaking appears even less promising. The Arctic Council,
the principal Arctic-specific governance body, is an informal institution that lacks any
regulatory powers and shows no signs of being up to the task of taking significant
action. Despite the release of the 2021 Arctic assessment report showing that the
Arctic is warming three times faster than the global average, the Arctic Council has
not even called worldwide attention to the critical role the Arctic plays for the rest
of the world. It has failed to establish a tolerable upper bound for climate change in
the Arctic or to answer the question, “What is the Arctic we have to have to sustain
the global climate system?” Instead, at its most recent meeting, it merely “not[ed]
with concern the serious threats to Arctic ecosystems due to climate change” and
“reiterate[d] the need for enhanced action to meet the long-term temperature goal and
effective implementation of the Paris Agreement [17].”
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What is to be done? There are no perfect options. We have committed the earth to too
much warming to take a step-by-step approach. We must realize that we have entered a
period of history when planetary management has become unavoidable and move forward
on many fronts simultaneously. Key components of a multiprong approach include

1. Decarbonization—First and foremost, the world needs to very rapidly decarbonize, as
the Paris Agreement suggests. Even if emission reductions are unlikely to take effect
quickly enough to completely preserve Arctic ice and permafrost, they are essential
in the long run to stabilizing the global climate system. This is climate policy’s most
urgent task.

2. Short-Lived Climate Forcers (SLCFs)—Second, we need to halt emissions of SLCFs, such
as methane and black carbon, which are particularly potent contributors to climate
change [18].

3. Greenhouse gas removal—Third, we need to intensify efforts to remove carbon dioxide
and other greenhouse gases from the atmosphere through nature-based and/or
technological means (for example, afforestation, soil carbon sequestration, enhanced
terrestrial weathering, mineral carbonation, or direct air capture).

4. Adaptation—Fourth, to the extent possible, we need to take measures to help the Arctic
adapt to the effects of climate change.

5. Arctic interventions—Fifth, we need to explore proposals for saving Arctic ice through
local interventions to limit summer melt, enhance winter freezing, or stabilize Green-
land glaciers.

6. Solar climate intervention (SCI)—Sixth, we need to explore the possibility of using
technology to reflect more sunlight away from the earth in order to cool it rapidly.

The first four approaches have been written about extensively, are well accepted
internationally, and need little defense. By contrast, the last two approaches have received
much less attention. One of us has written recently about Arctic interventions [19], so we
focus here on the last option, using technology to reflect more sunlight—also referred to as
solar climate engineering or solar radiation management (SRM). Solar climate intervention
is perhaps the most controversial proposal to address climate change but may be the only
means of cooling the earth quickly enough to save the Arctic. Potentially, it could be used to
eliminate overshoot on the way to achieving the 1.5 ◦C Paris target—a huge environmental
benefit. Indeed, solar climate intervention could actually lower warming below 1.5 ◦C,
perhaps reaching the equivalent of radiative forcing of 350 ppm of CO2.

Various techniques to reflect sunlight have been suggested. These include injecting
aerosols into the stratosphere to scatter incoming sunlight (stratospheric aerosol injection
or SAI) and spraying sea salt from ships to provide cloud condensation nuclei and thereby
brighten marine clouds (marine cloud brightening or MCB).

Volcanic eruptions provide proof-of-concept that stratospheric aerosols cool the planet.
The sulfur aerosols injected into the stratosphere by the eruption of Mount Pinatubo in
1991 cooled the planet by about 0.5 ◦C. Hence, we dub using solar climate intervention
to cool the planet by 1.0 ◦C a “Two Pinatubo” strategy. Recent modeling suggests that
injecting aerosols into the stratosphere in the spring near the Arctic could restore significant
amounts of Arctic sea ice and substantially reduce both local and global impacts of climate
change [20].

A Two Pinatubo strategy raises many questions. For example,

• How would solar climate interventions affect the Arctic climate, as well as other
regional climates and the global climate system?

• What are the advantages and disadvantages of stratospheric aerosol injection in the
Arctic as compared to marine cloud brightening, taking into consideration technical
feasibility, ability to scale up quickly, effectiveness in reducing temperature, and safety?

• If stratospheric aerosol injection were being considered, which aerosols should be
used, how should they be lofted into the stratosphere and dispersed, and at what
location(s) and altitude?

• What are the risks of solar climate intervention? What are the benefits?
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• How should SCI be governed, either nationally and/or internationally? Who should
make decisions and how? What safety, environmental, and other requirements would
need to be met before an intervention should be allowed to proceed?

Thus far, insufficient research has been done on solar climate intervention, so we still
know too little about its feasibility, effectiveness, and safety. In response, there have been
growing calls to develop a research program on solar climate intervention, most recently in
a report of the National Academy of Sciences [21].

We strongly support an immediate and focused research program, exploring all
potential options to address the Arctic crisis. Given the gravity of the threat and the
dwindling time to respond, we believe solar climate intervention research, in particular,
warrants considerably higher funding than the modest amounts recommended by the
National Academy of Sciences report ($100–200 million over five years).

Scientific research is not enough, however. Given the urgency of the Arctic crisis, we
need to be ready to respond right away if Arctic or global temperatures need to be lowered
quickly. This means we need significant technology research and development so that solar
climate intervention is deployment-ready in the relatively near future, perhaps in a decade
or two.

In saying that SCI should be deployment-ready in a decade or two, we want to be
absolutely clear: we are not advocating its deployment. Whether it makes sense to deploy
SCI will depend on what research shows about its effectiveness and safety. The response to
COVID-19 provides a useful analogue. The goal of Operation Warp Speed was to develop
deployment-ready vaccines, but the decision to go ahead with Warp Speed did not prejudge
whether any of the vaccines that were developed should actually be used. Decisions about
use depended on what the clinical trials showed about a vaccine’s effectiveness and safety.

When one is dealing with a crisis, one cannot afford to proceed in an incremental,
stepwise manner. That is why, if we are to have any chance of saving the Arctic the world
needs, we cannot afford to do basic research first and only start developing deployable
technologies later, as the NAS report suggests. We need to proceed on all fronts simultane-
ously. We need to develop the necessary technologies now so that we are ready to deploy
them at scale, should the need arise and should the research show that they are safe.
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