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Abstract

The Acrctic is experiencing rapid climate change impacts necessitating adaptation. This
systematic literature review provides an overview of the recent climate change
indicators necessitating adaptation and the actions implemented in response. Articles
included in the review focused on communities across the Arctic and were published
between the years 2000 and 2020. Through qualitative analysis of the literature, four
indicators of climate change were presented through a social-ecological lens: (1) the
degradation of ice, (2) changes in ecosystems, (3) changes in weather patterns, and (4)
changes in hydrogeological risk. Further, three main types of adaptation were
presented: (1) behavioral changes, (2) regulatory initiatives, and (3) changes to
livelihoods or economics. Critically, most of these adaptation actions were
implemented at an individual level.
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Introduction

Originating in medicine, a systematic review provides an overview of a body of
literature by addressing a specific research question or questions (Gough, Oliver, & Thomas,
2017; Grant & Booth, 2009). A strict set of researcher-defined protocols, such as inclusion
and exclusion criteria, must be developed before and followed throughout the review process
(Moher et al., 2015). Due to the rigor of the literature screening process and the focused
scope of the research question(s), systematic literature reviews typically include fewer studies
than other reviews (Fink, 2020; Petticrew & Roberts, 2008).

While systematic reviews are common in the health sciences (Purssell & McCrae,
2020), fewer examples exist in the social and environmental sciences (Landauer, Juhola, &
Soéderholm, 2015). However, they have been conducted in this literature since at least the
1970s (Hunt, 1997). More reviews are needed that focus explicitly on climate change
adaptation in the Arctic (Canosa et al., 2020; Ford, McDowell, & Jones, 2014; Hahn &
Nykvist, 2017; Janssen, et al., 2006). Indeed, within the climate change adaptation literature
more broadly, many assessments, reports, and studies do not describe their selection criteria
when attempting to uncover generalizable trends, which reduces their replicability and
usability (Dupuis & Biesbroek, 2013; Eisenack & Stecker, 2012).

A systematic review of climate change adaptation strategies in the Arctic was
conducted using peer-reviewed journal articles that included or focused on community-based
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perspectives to advance the climate change adaptation literature. This review aimed to
understand better the early climate change indicators impacting Arctic people and
environments, including how these indicators are being prepared for and responded to, as
gleaned from the collective human experience (Pelling, 2011). A systematic literature review
of climate change adaptation is presented in what follows, as uncovered through content
analysis (Franzosi, 2008). Namely, this review presents a summary of (1) the four indicators
of change necessitating adaptation, (2) the types of climate change adaptations being
implemented, and (3) the topical areas where more research is needed.

Background

Over the past thirty years, since 1990, the Arctic has warmed by over .05° Celsius per
decade (Jeffries, Richter-Menge, & Overland, 2012) with an increasing rate of warming over
time when compared to average global rates of warming (IPCC, 2014). This is important
because even minor temperature fluctuations can cause significant states of change within the
social and environmental systems of the Arctic due to their magnification within narrow or
sensitive ecosystems (Duerden, 2004; Stien et al., 2012).

Here, the Arctic is defined as the area of the Earth at or above 60-66° North latitude
and areas near this latitude that encompass the regional dynamics of the Arctic (e.g., cultural
and political dimensions) (Einarsson et al., 2004). By this definition, the Arctic covers eight
territories surrounding the Arctic Ocean: The United States (Alaska), Canada (Yukon,
Northwest Territories, Nunavut), Greenland, Iceland, Norway, Sweden, Finland, and Russia.
Nearly four million people live throughout these Arctic territories, of which ten percent of the
population identifies as Indigenous (Arctic Council, n.d.). This definition is important
because culture shapes how risk is understood and acted upon (Adger et al., 2013; Beck,
2009).

Across the Arctic, peoples and environments are on the frontlines of climate change,
often necessitating adaptation. Climate change adaptation is a cultural process of adjustment
owing to individuals’ collective behaviors that seek to reduce adverse effects and find
opportunities that arise from change (Adger, Arnell, & Tompkins, 2005; Deneva, 1983; Smit
et al., 2000). Adaptation to realized or expected changes can be proactive or reactive,
autonomous or planned (IPCC, 1996; IPCC, 2012), and can range from short-term reactive
coping mechanisms to long-term planning or transformational changes (Pelling, 2011).
Alongside adaptation, mitigation is an important complementary action to prevent additional
or worsened impacts of climate change (IPCC, 2014). Thus, there is a longstanding and
globally recognized need for mitigation and adaptation efforts to reduce climate change-
induced risks through developing and implementing policies and strategies informed by
research (Smith & Lenhart, 1996; UNFCCC, 1992).

In reflection of the globally recognized need for climate change mitigation and
adaptation in the Arctic, many adaptation strategies were and are implemented under the
auspices of “the urgency to do good” (Cameron, 2012). For example, adaptations can leave a
legacy of colonialism, marginalization, disempowerment, and questions of sovereignty
(Keskitalo & Kuulyasova, 2009). Thus, we must never forget to ask what is being adapted,
who is adapting at what scale, and how the adaptation is occurring (Smit et al., 2000). Indeed,
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any action to increase the adaptive capacity of certain actors may simultaneously reduce the
adaptive capacity of other actors (Moser & Ekstrom, 2010), including the more-than-human.

In recognition of the need for climate change adaptation in the Arctic, this systematic
review answers the following research questions:

1. What indicators of climate change necessitated adaptation?

2. What types of climate change adaptation were implemented?

Methods

First, a search string was developed to identify peer-reviewed case studies of climate
change adaptation in the Arctic. This search string was then applied to titles and abstracts in
Google Scholar and seven databases covering various social and environmental topics (see
Appendix). To reflect current adaptations to climate change, and because studies on climate
change adaptation have grown tremendously since the 1990s (Carson & Peterson, 2016;
Larsen et al., 2014), the search was constrained to articles published over a twenty-year time
frame from 2000 through 2020.

The initial search resulted in 375 articles, all of which underwent an inclusion and
exclusion process before analysis was conducted. Articles were excluded if they: (A) were
published before 2000, (B) were not peer-reviewed journal articles, (C) were not written in or
translatable to English, (D) were not in the Arctic or did not define a geography, (E) did not
discuss outcomes of relevance to climate change adaptation, (F) did not engage with or focus
on a specific community or communities, and (G) were a duplicate of a previously identified
article. Ultimately, 49 articles were chosen for inclusion and analysis.

Next, full-text PDF versions of the articles were downloaded. A bibliometric analysis
was conducted by recording objective information in a spreadsheet database. Then, a
qualitative codebook was created to guide a secondary, more subjective data collection
process around specific qualitative themes (Franzosi, 2008) (see Appendix). Articles were
reviewed one at a time in alphabetical order by the first author's last name. After an initial
assessment was completed, articles underwent a second review for accuracy, and data were
updated and iteratively compared across studies for evaluation consistency (Srivastava &
Hopwood, 2009). Papers were iteratively reviewed until a saturation point in themes was
reached, wherein no new information arose from additional data collection (Baxter & Eyles,
1997; Crabtree & William, 1999). Together, these analyses served to classify information
within the articles. The results are presented in what follows.

Results

Indicators of Climate Change Necessitating Adaptation

Research must examine how adaptations are framed within their broader-scale social-
ecological processes (McGovern et al., 2007; Wilbanks & Kates, 1999). Few adaptations are
understood or enacted in response to climatic drivers alone (Labbé, Ford, Araos, & Flynn,
2017). Thus, indicators of change were identified from a social-ecological systems
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perspective (Ostrom, 2009), wherein causal relationships connect a set of elements through
the flow of energy, materials, or people (Gallopin, 1991; Hepple, 2009; Herrero-Jauregui et
al., 2018). Using this social-ecological systems perspective, a systematic review allowed for
the information presented in case-level studies to produce generalizable knowledge claims
within a common framework of understanding (Eisenack, Ludeke, & Kropp, 2006; Ford et
al., 2012; Loring, Chapin, & Gerlack, 2008; Keskitalo & Kuulyasova, 2009). Here, four
primary indicators of change (Ritchie et al., 2021) necessitated adaptation: (1) the
degradation of ice, (2) changes in ecosystems, (3) changes in weather patterns, and (4)
changes in hydrogeological risk.

The degradation of Arctic ice was experienced in locations throughout the Arctic and
included land and marine environments alike. Case studies presented evidence of degradation
to the amount (Ignatowski & Rosales, 2013), extent (Kofinas et al., 2010), depth (Wesche &
Chan, 2010), and quality of ice (Fawcett et al., 2017). Case studies also presented evidence
for the degradation of the amount of shore-fast and multi-year ice (Brubaker et al., 2011),
such as a delay in annual freezes (Ford, Smit, & Wandel, 2006), an earlier annual break-up of
ice (Pearce et al., 2012), and more freeze-thaw and snow-on-ice events (Furberg, Evengard,
& Nilsson, 2011; Ford, 2009).

Risks posed by the degradation of ice included the loss of natural protection from
waves and rough open waters (Fang et al., 2018), more accidental drownings (Giles et al.,
2013), and the loss of species requiring ice-dominated habitats, such as caribou, reindeer, and
many marine mammals (Burek, Gulland, & O'Hara, 2008; Kovacs et al., 2011; Rattenbury et
al., 2009). The degradation of ice also posed barriers to the gathering, preparation, and
storage processes that rely on ice-dominated landscapes, such as those needed for ice cellars,
sometimes leading to increased instances of food insecurity and food poisoning (Driscoll et
al., 2013; Rosol, Powell-Hellyer, & Chan, 2016; Ristroph, 2019), as reflected in the broader
literature on climate change and nutrition (Borelli et al. 2020; Brubaker et al. 2011; Powell et
al., 2022).

Alongside the degradation of Arctic ice, changes to ecosystems motivated adaptation.
Nearly two-thirds of all case studies cited changing ecosystems, including changes in wildlife
species composition (Forbes & Stammler, 2009; Kofinas et al., 2010; Prno et al., 2011),
declines in native wildlife and landscape health (Fawcett et al., 2017; Furberg, Evengard, &
Nilsson, 2011; Ogden & Innes, 2009; Takakura 2016), changes in the timing of species
migrations (Keskitalo & Kuulyasova, 2009), and the appearance of new species (Trainor et
al., 2007), including invasive and biting species (West & Hovelsrud, 2010). Indeed, since the
Industrial Revolution, climate change and land-use practices have resulted in the loss of
nearly one-third of Arctic terrestrial species (Larsen et al. 2014). For example, many native
Acrctic species are disappearing (Ford & Smit, 2004), changing their behaviors (Huntington,
Quakenbush, & Nelson, 2017), or exhibiting poor-quality fur and meat due to disease
(Wesche & Chan, 2010).

Changes in weather patterns were also occurring, including increases in air and water
temperatures (Gosselin et al., 2011; Healey et al., 2011; Manrique, Corral, & Pereira, 2018),
less extreme winter low temperatures (Kajan, 2014; Keskitalo & Kuulyasova, 2016), and less
predictable weather patterns and environmental cues (Ignatowski & Rosales, 2013; Loring et
al., 2011; Ogden & Innes, 2009; Wesche & Chan, 2010;). These weather patterns changes
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enabled further social and environmental changes, such as an increased presence of wildfire
events (Skrylnikova et al., 2014; Trainor et al., 2009) and atmospheric allergens and
particulates (Driscoll et al., 2013). Further, weather pattern changes rendered it difficult to
read the land and weather using traditional cues and place-making capacities (Loring et al.,
2011; Pearce et al., 2015), which sometimes led to a loss of ecological knowledge and
traditional practices (Pearce et al., 2012), thus also eroding an Arctic sense of place that is
closely tied to cold environments (Healey et al., 2011; Kofinas et al., 2010).

Finally, evidence of changes in hydrogeological risk were present throughout the
literature (Ford et al., 2012), including more thunderstorms and extreme weather events
(Kajan, 2014; Pearce et al., 2015), flooding events (Herman-Mercer et al., 2016; Takakura,
2016), landslides (Skrylnikova et al., 2014), and declines in the quality of freshwater
(Goldhar, Bell, & Wolf, 2014). Changes in permafrost extent and depth also contributed to or
were instigated by these increasing hydrogeological risks (Healey et al., 2011), including the
freer transport of materials like harmful pollutants by way of bioaccumulation processes
(Alexander, 1999; Larsen et al., 2014). In response to changes in hydrogeological risk, some
communities experienced a loss of critical infrastructure, such as communication, energy,
transportation, and water systems (Healey et al., 2011; Skrylnikova et al., 2014). Historical
and cultural sites were also more frequently prone to the impacts of hydrogeological events
(Pearce, 2009), and in some cases, entire communities required relocation (Manrique, Corral,
& Pereira 2018).

Over the past 20 years, ice degradation and the changes in ecosystems, weather
patterns, and hydrogeological risk necessitated climate change adaptation across the Arctic.
In response to these indicators of change, three main types of adaptation strategies have been
followed. They are discussed below.

Climate Change Adaptations

Most climate change adaptations implemented were behavioral, meaning they
occurred at an individual level. Of these adaptations, most were led or enabled by the
collective action of individuals, households, and communities (Ford, McDowell, & Jones,
2014), rather than other actors, such as government officials or non-governmental
organizations. However, when national and regional governments or academic organizations
or institutions implemented behavioral actions (Labbé, Ford, & Flynn, 2017), these actors
were typically working to educate individuals to promote behavioral change. For example,
there were calls to raise household awareness about raw water consumption risks amid
freshwater availability declines (Martin et al., 2007; Wesche & Chan, 2010). Indeed, there
were many sub-types of behavioral adaptations implemented.

A second type of behavioral change was modifying subsistence activity patterns by
changing when, where, or how subsistence activities occurred (Berkes & Dyanna, 2002;
Huntington, Quakenbush, & Nelsen, 2017; Pearce, 2015). Further, to prepare for and execute
subsistence activities amid a changing climate, behavioral changes also included the use of
GPS, satellite phones, radios, locator beacons, and the addition of extra supplies like food and
gas to maintain safety when out on the land and water (Aporta, 2003; Fawcett et al., 2017;
Ford & Smit 2004; Ford, Smit, & Wandell, 2006; Pennesi, 2012; Prno et al., 2011). Safety
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amid changing environmental conditions—and often increasingly lengthy and risky travel to
subsistence areas (Goldhar, Bell, & Wolf, 2014)—was maintained by improving knowledge
of and skills on the land and water through story-sharing and practice (Giles, 2013; Pennesi,
2012). Safety was also maintained by consulting with satellite imagery (Fawcett, 2017) and
the incorporating new technologies, such as snowmobiles, to varying degrees of success
(Kajan, 2014; Rattenbury et al., 2009).

An additional behavioral change was the increased sharing of information and
resources within and between individuals, households, and communities (Ford et al., 2008).
For example, exchange through social networks allowed for more intercommunity
connections (Baztan et al., 2017; Berkes & Dyanna, 2002; Kofinas et al., 2010), collaborative
engagements (Manrique, Corral, & Pereira 2018; Trembley et al., 2008), the development of
stronger adaptation options (Flynn et al., 2018; MacDonald et al., 2015; Takakura, 2016),
stronger intergenerational connections (Ford et al., 2007; Rosol, Powell-Hellyer, & Chan,
2016), and the promotion of education and outreach (Ford et al., 2017). Underpinning the
success of many of these and other behavioral changes was the allowance for change to be
enacted within and for existing and traditional cultural frameworks (Einarsson, 2009; Forbes
& Stammler, 2009).

Following behavioral changes, regulatory actions were a common type of adaptation
implemented, including the development of rules, laws, statutes, and guidelines. Among
these regulatory changes, there were calls for institutions to rectify environmental injustices
(Cameron, 2012; Trainor, 2007), such as through the development of cross-scalar structures
that incorporate local communities in decision-making (Berkes & Dyanna, 2002; Brunner et
al., 2004; Ford et al., 2017; Kofinas et al., 2010). For example, there were calls for the co-
management of agreements for economic and subsistence wildlife activities (Keskitalo &
Kuulyasova, 2016; Ogden & Inne, 2009). This is important because the timing of hunting
seasons in policy does not necessarily coincide with when animals are available and
appropriate for consumption (Loring et al., 2011). Behavioral and regulatory adaptations
occurred in 69% of the studies included in this review.

The third most common type of adaptation focused on maintaining livelihoods and
economic activity, occurring in 49% of the studies in this review. Livelihood and economic
adaptations included taking on additional jobs (Rattenbury et al., 2009), diversifying jobs
(Ford, 2009; Pearce et al., 2012), embracing tourism (Kajan, 2014), and as previously
mentioned, changing the timing, method, or location of subsistence activities (MacDonald et
al., 2015; Pearce et al., 2015; Ristroph, 2019; Wesche & Chan, 2010).

Additional adaptations included improvements to healthcare systems (Driscoll et al.,
2013; Healey et al., 2011) as well as the creation of environmental monitoring systems to
support decision-making for environmental health (Brubaker et al., 2011; Ogden & Innes,
2009), collaborative research (Pearce, 2009), and responsible environmental economic
accounting (Skrylnikova et al., 2014). A few communities also developed local-scale
adaptation plans (Ignatowski & Rosales, 2013) and community wildfire plans (Trainor et al.,
2009), in some cases leading to the relocation of critical infrastructure (Gosselin et al., 2011;
Prno et al., 2011).
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Conclusion

Across the Arctic, peoples and environments are experiencing the impacts of climate
change, necessitating adaptation. This systematic literature review provides an overview of
the recent climate change indicators necessitating adaptation, as well as the adaptations
implemented. The results of this systematic review are based on a qualitative analysis of the
peer-reviewed literature published on climate change adaptation in the Arctic over 20 years
from 2000 to 2020. Four indicators of climate change and three main types of adaptation
were presented, the majority of which were enacted at an individual level. The four indicators
of climate change were (1) the degradation of ice, (2) changes in ecosystems, (3) changes in
weather patterns, and (4) changes in hydrogeological risk. The three main types of adaptation
were (1) behavioral changes, (2) regulatory initiatives, and (3) changes to livelihoods or
economics. Additional adaptations included changes or improvements to healthcare systems,
emergency planning, and critical infrastructure. Taken together, the evidence indicates that
individuals are implementing a variety of climate change adaptations across the Arctic.
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Appendix

Search string used:

("adaptation" OR “adapt” AND "climate change" AND ("Arctic" OR "arctic” OR “Alaska”
OR “Canada” OR “Finland” OR “Iceland” OR “Norway” OR “Sweden” OR “Russia” OR
“Siberia”))

Databases searched:
e Academic Search Complete
Directory of Open Access Journals
Google Scholar
ScienceDirect
Taylor & Francis Journals
Wildlife & Ecology Studies Worldwide
Wiley Online Library
Web of Science

Information gathered and qualitatively coded from articles:
o Title

Abstract

First author name

First author country of institutional affiliation

Year of publication

Journal of publication

Country of focus

Adaptation definition

Climate change indicator

Actor leading adaptation

Adaptation type

Adaptation description
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