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Abstract Despite a keen awareness of climate change, northern Indigenous Peoples have
had limited participation in climate-change science due to limited access, power imbalances,
and differences in worldview. A western science emphasis on facts and an indigenous
emphasis on relationships to spiritual and biophysical components indicate important but
distinct contributions that each knowledge system can make. Indigenous communities are
experiencing widespread thawing of permafrost and coastal erosion exacerbated by loss of
protective sea ice. These climate-induced changes threaten village infrastructure, water
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supplies, health, and safety. Climate-induced habitat changes associated with loss of sea ice and
with landscape drying and extensive wildfires interact with northern development to bring both
economic opportunities and environmental impacts. A multi-pronged approach to broadening
indigenous participation in climate-change research should: 1) engage communities in design-
ing climate-change solutions; 2) create an environment of mutual respect for multiple ways of
knowing; 3) directly assist communities in achieving their adaptation goals; 4) promote
partnerships that foster effective climate solutions from both western and indigenous perspec-
tives; and 5) foster regional and international networking to share climate solutions.

1 Introduction

“Not that long ago the water was far from our village and could not be easily seen from
our homes. Today the weather is changing and is slowly taking away our village. Our
boardwalks are warped, some of our buildings tilt, the land is sinking and falling away,
and the water is close to our homes. The infrastructure that supports our village is
compromised and affecting the health and well-being of our community members,
especially our children” (Village of Newtok) (ADCCED 2012)

Air temperatures in Alaska are increasing twice as fast as the global average. This has led
to a shrinkage of summer sea ice, a shortening of the snow-covered season, warming and
thawing of permafrost, which together have altered the structure and functioning of northern
ecosystems, including their human and non-human residents. These facts are well docu-
mented (ACIA 2005; IPCC 2007), but what are the consequences for the people who live
there?

Although most Alaskans live in cities, the majority of the land area is sparsely populated
by a largely indigenous population living in small communities with no road access and no
connection to the electrical grid. Excluding the oil-rich North Slope, rural Alaska is the most
extensive area of poverty in the United States, in terms of household income, yet has the
highest costs of fuel and other commercial goods because of the physical isolation of these
communities (e.g., $7–12 per gallon for fuel). In addition, few jobs are available to provide a
cash income. Given these stark economic realities, indigenous people in rural Alaska depend
directly on the local environment for food, transportation, and survival and have a strong
need to understand and manage the consequences of climate change.

However, this is nothing new. Indigenous Alaskans have lived off the land and sea for
thousands of years with minimal connection to the global economy. Over the millennia
indigenous people have developed a traditional knowledge that allowed survival, and often
thriving, in the landscapes and seascapes of the North (Langdon 1986; Huntington and
Watson 2012). Moreover, the weather, environment, and plant and animal populations are so
variable, both seasonally and among years, that indigenous people have developed skills to
cope with a wide range of conditions. Given the close connections between indigenous
people and environment and the rapid environmental changes occurring in Alaska, Alaska
Natives are well poised to observe climate change, understand its ecological and societal
consequences (Krupnik and Jolly 2002), and develop potential response strategies
(Voggesser et al. 2013).

Despite a keen awareness of climate change, northern indigenous peoples have not
played a central role in national and international assessments of climate change. To the
extent that indigenous issues are considered, assessments have been largely about indige-
nous people, not by them. This reflects, in part, a rejection by western science of indigenous
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worldviews that integrate spiritual, biophysical, and cultural dimensions of reality. In this
paper we briefly (1) summarize some elements of indigenous worldviews that are important
in understanding their potential to contribute to climate-change solutions, (2) present
examples of the impacts of climate change on indigenous communities, and (3) suggest a
path forward that will enhance the capacity of indigenous peoples to contribute to and
benefit from climate-change research.

2 Traditional knowledge as a lens for observing climate change

Although indigenous understandings of climate change are as diverse as the many environ-
ments and cultures in which they are situated, there are some common features and
differences compared to western science. Respect for elders and the natural environment,
for example, are commonly held community values, and traditional stories of biophysical
and spiritual ties between people and nature reflect these values across most of Alaska’s
indigenous cultures, despite important cultural and environmental differences in the specific
ways in which people interact with their environment (ANSC 2003–04; ANKN 2012).
Many elements of indigenous worldviews are embedded in a holistic framework that
connects the land to the air and water, the earth to the sky, the plants to the animals, the
people to the spirit (Deloria and Wildcat 2001; Wildcat 2009). This perspective recognizes
Earth as a coupled social-biophysical system in which all things are connected (Levin 1999),
so it is not surprising to many arctic residents that arctic changes exert important feedbacks
to the Earth System (ACIA 2005; IPCC 2007). Following from this holistic framework,
Alaskan indigenous perspectives often emphasize relationships between people and other
living and non-living entities (“how to”), whereas western science tends to emphasize facts
(“what is”). Traditional ways of knowing therefore provide an ethical framework that can
guide adaptation to current and emerging conditions (Huntington and Watson 2012). Given
these important differences between western and indigenous worldviews, it important not to
attempt to merge them into a single framework but to recognize respectfully what each has to
offer in solving the challenges faced by modern society (Huntington 2000a; Huntington et
al. 2005; Huntington and Watson 2012).

Native cultures and sense of identity are directly tied to the places where people have
lived for generations through observations, riddles, stories, dances, art, language, music, and
traditions (Wildcat 2001; Huntington and Watson 2012). Since each cultural element
evolved in a climatic and ecological context, it is vulnerable when climate alters that context
and as elder knowledge-keepers pass away. In addition, plants and animals in these places
are viewed as relatives that share the world—not as resources to be exploited (Morrow and
Hensel 1992; Wildcat 2009). This strong sense of place and sense of connection to the
organisms that inhabit this place makes climate change a much deeper and more personal
impact than in communities that view the environment primarily as a place to live, work, and
extract resources (Huntington et al. 2006).

3 Climate-change impacts on Alaskan indigenous communities

Hunters from indigenous communities frequently speak of the thinning sea and river ice that
makes harvest of wild foods more dangerous (Ford and Furgal 2009; Loring and Gerlach
2010; McNeeley and Shulski 2011; Moerlein and Carothers 2012), changes to permafrost
that alter spring run-off patterns, changes in seasonality of vegetation and animal movements
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(McNeeley and Shulski 2011), a northward shift in seal and fish species, and rising sea levels
with more extreme tidal fluctuations (Krupnik and Jolly 2002; Downing and Cuerrier 2011;
Davis 2012; McNeeley 2012; University of Alaska Fairbanks 2012). These and other
indigenous observations indicate a widespread awareness that climate is changing in ways
that were not anticipated based on traditional knowledge. Although western and indigenous
observers often make similar observations, the context for interpreting their significance
frequently differs. In the words of the late Caleb Pungowiyi, an Indigenous Elder from
Savoonga, Alaska (quoted in Eamer et al. 2007):

“As we think about the future and where these trends may lead us, we wonder what
alternatives are available to Native villages in Alaska and elsewhere in the Arctic. If
marine mammal populations are no longer available or accessible to our communities,
what can replace them? In the Great Famine, there were no alternatives to the food
provided by hunting and fishing. Today, there are stores with food and other resources
that can be harvested. A gradual change might give us time to adjust, but a sudden
shift might catch us unprepared and cause great hardship. We need to think about the
overall effects on marine mammals and other resources. Some may adjust, but others
will not. Our ancestors taught us that the Arctic environment is not constant, and that
some years are harder than others. But they taught us that hard years are followed by
times of greater abundance and celebration. As we have found with other aspects of
our culture’s ancestral wisdom, modern changes, not of our doing, make us wonder
when the good years will return.”

In the remainder of this section we emphasize climate changes that have greatest impacts
on indigenous communities. Problems intrinsic to many rural Alaskan communities, such as
the failure or lack of adequate drinking water systems, sanitary sewage disposal, and usable
landfills, are magnified by climate change (Alessa et al. 2008; Brubaker et al. 2011b; Doyle
et al. submitted for this issue). Thawing of permafrost beneath lakes and ponds that provide
drinking water, for example, cause water-security challenges (Alessa et al. 2008), and
deteriorating water and sewage systems increase the risk of skin and respiratory infections
(Gessner 2008; Hennessy et al. 2008). Warming may bring new diseases to the Arctic
through diseases in harvested foods (McLaughlin et al. 2005; Virginia and Yalowitz 2011)
or through northward-moving insect and vertebrate vectors (Parkinson and Evengård 2009),
such as the northward movement of giardiasis in beaver that follow the climate-induced
expansion of shrubs in western Alaska.

Ice cellars traditionally used for storing food are thawing, causing food contamination
illnesses and loss of traditional foods (Alessa et al. 2008; Brubaker et al. 2011a). In some
communities residents are seeking new methods to store food or are shifting from a
traditional to a western diet (Brubaker et al. 2009; Moerlein and Carothers 2012), which
increases dependence on non-traditional, expensive, and often less-healthy store-bought
foods (Ford 2009; Loring and Gerlach 2010). Climate-induced impacts on arctic peoples
interact with contaminants, such as POPs (persistent organic pollutants) and heavy metals,
many of which are concentrated at high latitudes (AMAP 2009). Local concerns about
contaminants sometimes contribute to the shift in diet away from traditional foods. This is
associated with increases in “modern diseases” such as obesity, diabetes, cardiovascular
disease, and cancer (Ford 2009; Parkinson 2010) and contributes to negative social, cultural,
economic, and nutritional effects (Weller 2005; Redsteer et al. this issue).

Climate change has significantly altered both terrestrial and marine habitats and therefore
the opportunities for hunting and fishing, which are important both nutritionally and
culturally (Huntington et al. 2005). Reductions in winter sea ice reduce habitat for walrus
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and seals, which are a critical component of people’s diet in northwest Alaska. In addition,
the thinner, less stable sea and river ice is a significant safety hazard for hunters (Laidler et
al. 2009) and can disrupt the timing and dependability of subsistence economies (Ford and
Furgal 2009; Gearheard et al. 2010). On the other hand, a shorter ice-season expands the
time available to hunt from boats. The net effect of climate change on subsistence probably
depends on context.

Most (86 %) Alaskan indigenous villages are affected to some extent by flooding and
erosion: “While the problems are long-standing, various studies indicate that coastal villages
are becoming more susceptible to flooding and erosion due in part to rising temperatures”
(GAO 2003). Newtok, a Yupik Eskimo village in western Alaska, and other coastal
communities experiencing accelerated rates of erosion caused by the combination of thawing
permafrost, decreased arctic sea ice, and autumn storms that now occur during the ice-free
season. As a result of these geophysical changes, the community has lost critical basic
infrastructure, and storms are a continuing threat to life and property. Although the com-
munity has sought for a generation (17 years) to relocate, the stipulations of current federal
and state statutes and regulations, such as the post-disaster recovery legislation, have
impeded their efforts (Bronen 2011; Maldonado et al. 2013).

On land, the major impacts of climate change have been changes in temperatures, snow,
ice, weather, seasonality, permafrost thaw, and wildfire. Increased evapotranspiration and
declining river discharge reduce opportunities for barge delivery of fuel and increase the cost
of living in remote villages (Kofinas et al. 2010). The ecological and hydrological changes
related to permafrost degradation are changing the habitats, migration patterns, and distri-
bution of species that are important for fishing and hunting ; (Kofinas et al. 2010; Loring and
Gerlach 2010; Voggesser et al. 2013).

The frequency and severity of wildfire in the Interior are expected to continue increasing
with climate warming and will likely result in increased fire suppression near communities,
which may provide economic opportunities through the deployment of local fire fighting
crews (Trainor et al. 2009). However, increased severity and annual extent of area burned
will increase risk to life and property, alter hunting opportunities, and likely increase both
physical and mental health effects from wildfire smoke. Lichens, which are a key winter
food for caribou, require 70 years to recover after wildfire, whereas moose increase in
abundance within a few years (Chapin et al. 2008; Nelson et al. 2008).

4 Interactions of climate change and development

Development activities in the Arctic (e.g., oil and gas, minerals, tourism, and shipping) are
of interest to indigenous communities, because of both perceived threats and anticipated
benefits (Kruse 1991; Huntington et al. 2007; Maynard et al. 2011). The retreat of summer
sea ice removes a major barrier to access to much of the Arctic, as can be seen in the transit
of the Northern Sea Route by cargo ships and the Northwest Passage by cruise ships (AMSA
2009). Greater levels of industrial activity across the Arctic are expected to alter the
distribution of species, disrupt subsistence activities, increase the risk of oil spills, and create
various social impacts (Baffrey and Huntington 2010; Maynard et al. 2011). Oil and gas
development as well as mining activities have already impacted some major populations of
Eurasian reindeer herds and the associated indigenous herder communities in Northern
Russia and Norway (Maynard et al. 2011). At the same time, development provides
economic opportunities, if it can be harnessed appropriately (Kruse 1991; Kruse et al.
2004; Baffrey and Huntington 2010). For indigenous peoples in Alaska, a major question
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is how such activities will be managed and by whom, and how such management will take
account of the impacts of climate change (Huntington et al. 2012). There are often strong
differences of opinion within and among communities about how to balance development
with traditional lifeways. To the extent that development can help pay for climate impact
prevention and mitigation, there are potential benefits, albeit at the cost of accepting more
industrial development. Here as elsewhere, community futures will depend in large part on
the degree to which communities are empowered to make or influence the decisions that will
affect them.

5 Preparing for the future

In this paper, we have shown that indigenous Alaskans have extensively documented
patterns and processes of climate change and its impacts on ecosystems and human
communities. How can indigenous peoples contribute more effectively to understanding
and adapting to climate change? We suggest a multi-pronged approach:

1. Engage communities in designing climate-change solutions. Regional Advisory
Councils, comprised largely of indigenous hunters from rural Alaska, can provide
advice to the Alaska Board of Game about adjustments in hunting seasons needed to
account for climate change-induced changes in seasonality (McNeeley 2012). A recent
shift in decision-making authority from the politically appointed Board of Game to the
Subsistence Division of the Alaska Department of Fish and Game should make these
decisions about hunting regulations more responsive to local observations and needs. In
other cases, adaptation solutions are constrained more by economics and competing
ways to earn a living (e.g., summer construction vs. subsistence harvest) than by
regulations. For example, declines in sea ice and stronger winds often produce earlier
and larger open-water leads during the spring whaling season, requiring larger boats for
safe navigation and whaling (Krupnik 2002). At the same time, later fall freeze-up has
allowed hunters on St. Lawrence Island to pursue bowhead whales in November and
December, providing a new opportunity for hunting that can help offset some of the
difficulties in spring (Noongwook et al. 2007), an innovation made possible by a lack of
seasonal restrictions on whaling activity. The Alaska Native Science Commission, the
University of Alaska Fairbanks and four Alaskan indigenous communities (Igiugig,
Koyukuk, Newtok, and Nikolai) recently initiated a Community Partnership for Self-
Reliance and Sustainability. The goal of the partnership is to develop a collaboration
that implements each community’s own vision for self-reliance and sustainability, based
on potential solutions chosen by communities and implemented with assistance from
the university and agencies. Each community had at least one issue that differed from
issues faced by the other three communities, was critical to community self-reliance,
and was not addressed by any government program. This included funding for village
relocation in Newtok, acceptance of Koyukuk’s strategy of adapting to flooding by
protecting infrastructure in place, secure rights to pure water in Igiugig, and rights to
fish for salmon in Nikolai. In addition, there were some problems such as the high cost
of energy that were faced by all communities. Each community found different ways to
address this problem.

2. Create an environment of mutual respect for multiple ways of knowing. Scientists
should be encouraged to engage respectfully in indigenous venues such as talking
circles at regional tribal meetings (ANSC 2003–04; Huntington 2007), knowledge-
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sharing networks (ANKN 2012), and tribal newsletters (Huntington and Huntington
2005). In response to a letter from Caleb Pungowiyi to the Marine Mammal
Commission in 1998 pointing out that few scientists were taking seriously the obser-
vations of Native hunters and elders about climate change, a workshop was organized
on changes in arctic sea ice and environment that had equal participation and engage-
ment by scientists and Native experts (Huntington 2000b). This workshop led to a 1-
year pilot project on Watching Ice and Weather Our Way that was conceptualized,
designed, and implemented by Yupik experts (Krupnik 2002). There are still substantial
barriers to communicating ideas between knowledge systems with respect to both the
language that is used and the confidence in the ideas that are shared (Cajete 2000;
Kovach 2009). Peer review is important in both oral traditions and western science, but
the process is quite different. Over the longer term, educational reforms are necessary
that acknowledge both knowledge systems and recognize the value of hands-on outdoor
learning in an indigenous context, as in culture camps and involvement of youth in
subsistence harvest.

3. Directly assist communities in achieving their adaptation goals. The Newtok Planning
Group is a collaboration of 25 government agencies, tribal groups, and non-
governmental organizations, led by the Newtok Traditional Council, that assists
Newtok in designing and implementing a plan to relocate from its current site which
is vulnerable to climate change-induced flooding and erosion to a site selected by the
community (Bronen 2011). Other efforts seek to address climate change at larger scales.
For example, the Inuit Circumpolar Council (ICC) claimed in 2005 in their Petition to
the Inter-American Commission on Human Rights that rapid high-latitude warming and
its unprecedented impacts on ecosystems and indigenous communities violate their
human rights (http://www.inuitcircumpolar.com/, Trainor et al. 2007). In their petition,
the ICC asked that the United States be required to reduce its carbon emissions in order
to protect the human rights of northern indigenous peoples.

4. Promote partnerships that foster effective climate solutions from both western and
indigenous perspectives. This requires moving beyond simply collecting or citing tradi-
tional knowledge to applying traditional knowledge in problem-solving. Working in true
partnership involves recognizing, respecting, and, where appropriate, resolving epistemo-
logical differences in devising place-based solutions (Trainor in press; Voggesser et al.
2013; Whyte 2013). Scientists across the Arctic are increasingly working with indigenous
communities to co-design the science (Krupnik and Jolly 2002), as in the Bering
Ecosystem Study (http://www.arcus.org/bering/projects.html) and the U.S.-Canada
Arctic Borderlands Project (Kofinas et al. 2002). Sometimes, however, co-management
efforts fall short of addressing the needs for both cultural and ecological integrity (Robards
and Lovecraft 2010). When successful, such collaborative efforts can also lead to the
identification of local and tribal measures in response to the challenges that have been
jointly identified (e.g., Salomon et al. 2011).

5. Foster regional and international networking to share climate solutions. As indigenous
communities strive for sustainable adaptation in response to climate impacts, commu-
nities can learn from each other how to document observations, devise and implement
adaptation solutions, and overcome barriers in funding, information exchange, and
institutional hurdles. In many cases, the most appropriate venues will be conferences of
indigenous peoples, such as the Indigenous Peoples’ Global Summit on Climate Change
held in Anchorage in 2009 (www.un.org/ga/president/63/letters/globalsummitoncc.pdf) or
websites maintained by tribal organizations (e.g., the Alaska Native Science Commission,
Inuit Circumpolar Council). There is scope for substantial innovation to link more
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effectively the communication networks of tribes, scientists, and managers who share a
common goal in fostering effective adaptations to climate change. The Exchange for Local
Observations and Knowledge in the Arctic (ELOKA; www.eloka-arctic.org) fosters the
“collection, preservation, exchange, and use of local observations and knowledge of the
Arctic,” partnering with indigenous communities, researchers, and others who share this
goal to devise new approaches to building networks and establishing connections between
people with common interests and goals (Pulsifer et al. 2012).

Much work has been done to date on each of the five prongs, but more is needed,
especially in the transition from strong individual projects to larger efforts to connect and
draw from individual successes. Greater recognition of the larger body of practice and
improved ability to draw upon the lessons of others will remove the sense of isolation that
can constrain resilience and foster collaborative problem-solving. This in turn will help
Alaska Native communities better characterize the challenges they face and better design
solutions that will work in their communities on their terms.
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