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ABSTRACT 

 
 

A LONGITUDINAL APPROACH TO CLIMATE CHANGE VULNERABILITY 
ASSESSMENT IN ULUKHAKTOK, NT 

 
 

David Fawcett Advisor(s): 
University of Guelph, 2017 Dr. Tristan Pearce and  

Dr. Ben Bradshaw 
 
 This thesis develops longitudinal approaches to vulnerability research, and applies one of 

these approaches to assess vulnerability to climate change among Inuit in Ulukhaktok, Northwest 

Territories. This research expands on previous research on climate change impacts, adaptation, 

and vulnerability in the Arctic to contribute to a growing body of scholarship focused on 

understanding the dynamism of vulnerability and adaptation. Data were collected using semi-

structured interviews with Inuit (n=32), participant observation, and analysis of secondary 

sources. The findings were comparatively analyzed with those from data collected in Ulukhaktok 

in 2005 and other longitudinal datasets. The results indicate that climatic stresses documented in 

2005 to adversely affect subsistence activities have persisted or progressed, and dynamic non-

climatic processes, including, for example, access to income, time constraints due to wage 

employment, and the transmission of environmental knowledge and land skills condition how 

hunters experience and respond to climatic stresses. Entry points to support adaptation should 

focus on addressing a growing tension between the subsistence and wage economies, which has 

resulted in some adaptation trends that may lead to adaptation constraints in the future. 
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identified research gap, question, and stated objectives. Due to this structure, there is a level of 
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 The first manuscript, Chapter 3, is titled Operationalizing longitudinal approaches to 

climate change vulnerability assessment. This manuscript conceptualizes and applies two 

longitudinal approaches in climate change vulnerability assessment through the analysis of three 

case studies from the Canadian Arctic where the conceptualized approaches were applied by the 

authors. The second manuscript, Chapter 4, is titled Inuit adaptability to changing environmental 

conditions over an 11-year period: a case study of Ulukhaktok, NT. This manuscript applies one 

of the conceptual approaches from the first manuscript to examine the processes and dynamism 

of climate change vulnerability in Ulukhaktok, specifically focusing on how Inuit hunters have 

experienced and responded to climate change over an eleven-year period. 
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writing and was the corresponding author throughout the review process, Dr. Pearce provided 

significant feedback and guided me on important elements of the framing and content. He also 

offered guidance navigating the review process. Dr. Ford and Mr. Archer provided valuable 

feedback and guidance at various stages of the writing and review processes as well. This 

manuscript was accepted and published online by Global Environmental Change in May 2017, 

and appeared in print in July. I also presented it as an oral presentation at the ArcticNet 2016 

Annual Scientific Meeting in Winnipeg, MB. Permission from the publisher to include the 

manuscript in this thesis is included in Appendix VII. 

 In its present format, the second manuscript, Chapter 4, is co-authored by myself, Drs. 

Pearce and Ford, and Dr. Peter Collings. I was primarily responsible for data collection and 

analysis, and the preparation of the manuscript. Dr. Pearce and Dr. Collings offered guidance and 

insights early in the data collection process. Roland Notaina contributed significant assistance 
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and insights throughout data collection as well, and will be included as an author for the 

purposes of publication, but due to communication restrictions securing his signature for his 

inclusion as an author in this thesis was impossible. In preparation of the manuscript for this 

thesis, and the entire thesis itself, Drs. Bradshaw, Ford, and Pearce all provided feedback on the 

framing, phrasing, and content, which I was then responsible to implement into the manuscript 

and thesis as a whole. Dr. Collings also offered feedback on content for the second manuscript 
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 Owing to the co-authorship of the two manuscripts, ‘we’ is used as a pronoun in several 

sections throughout Chapters 3 and 4. Two anonymous reviewers also made valuable 

contributions throughout the review process of the first manuscript for publication. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Research Rationale 

Climate change is occurring rapidly in arctic regions, with an arctic-wide warming trend of 

1.9oC recorded over the past 30 years, a rate three times that of the global average (Comiso et al. 

2014). This has led to changes in sea ice dynamics, permafrost regimes, the frequency and 

intensity of precipitation and extreme weather events, predictability of weather, and the timing of 

seasons, among other impacts (Prowse et al. 2006; IPCC 2013; Schuur et al. 2013; Vermaire et 

al. 2013). These changes have implications for ecosystems and the human communities that rely 

on them for their livelihoods (Larsen et al. 2014), and are expected to continue into the future 

necessitating some level of human adaptation (IPCC 2013; Moss et al. 2013). Inuit have been 

identified as particularly sensitive to climate change, largely due to the importance of subsistence 

hunting for their lives and livelihoods, and the sensitivity of subsistence activities to climate 

change (Ford et al. 2008; Pearce et al. 2011a; Pearce et al. 2015b; Ford et al. 2016).  

As recognition of Inuit sensitivity to climate change has increased, climate change research 

in the Arctic has shifted from studies focused solely on measuring the biophysical impacts of 

climate change (e.g. IPCC 1997), to projects focusing on human impacts. Research has 

documented Inuit observations of change (e.g. Fox 2000; Krupnik and Jolly 2002), and assessed 

climate change impacts, adaptation, and vulnerability (IAV), examining how Inuit are 

experiencing and responding to climatic changes, particularly at the settlement-scale (e.g. Berkes 

and Jolly 2002; Furgal and Seguin 2006; Ford et al. 2006a,b; Pearce et al. 2010). This research, 

in conjuncture with targeted follow-up and focused anthropological studies, has found that 

climatic factors often magnify pre-existing social, economic, and political stressors such as 

changing food, knowledge, and resource sharing networks, increasing costs of living and 

hunting, and the lasting impacts of the colonial experience (Wenzel 2009; Collings 2011; Pearce 

et al. 2011a,b; Ford et al. 2012; Collings et al. 2016; Archer et al. 2017). This research also 

highlights the agency that Inuit possess in coping with and adapting to a changing environment. 

Given the relatively recent genesis of IAV scholarship, both globally and in the Arctic, there 

remains much to be studied and understood. In particular, vulnerability and adaptation are 

inherently dynamic and evolve with interactions among complex, community-specific variables 

and other interrelated factors of which the biophysical environment is but one (Smit and Wandel 

2006; Dilling et al. 2015). To date, however, climate change IAV in the Arctic has been 
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primarily based on temporally static methodologies, and findings are grounded in the community 

and timing of the data collection. While this research has advanced our understanding of how 

Inuit are experiencing and responding to climatic stresses at a certain point in time, it offers 

limited understanding of longer-term climate trends and the dynamic processes that condition the 

development of future risk and adaptive responses (Barnett and O’Neill 2010; Birkenholtz 2012; 

Bennett et al. 2016; Kelman et al. 2016). New methodologies are needed to capture the dynamic 

nature of vulnerability and adaptation to climate change (Ford and Pearce 2012; Dilling et al. 

2015; McDowell et al. 2016). This research responds to this identified knowledge gap by 

developing longitudinal approaches to climate change vulnerability research and applying one of 

these to assess vulnerability to climate change among Inuit in Ulukhaktok, Northwest Territories 

(NT). 

 

1.2 Research Aim and Objectives 

The aim of this research is to examine the processes and dynamism of climate change 

vulnerability in Ulukhaktok, NT over an eleven-year period. This aim is achieved through the 

following objectives: 

 
1. document current exposure-sensitivities affecting Inuit subsistence hunting and the 

adaptive strategies employed to manage them; 

2. compare current exposure-sensitivities and responses with those documented in 2005 

(Pearce et al. 2010) and longitudinal instrumental, economic, and harvest datasets; and 

3. describe the processes and conditions that have aided or constrained adaptation over time. 

 

1.3 Thesis Organization 

This thesis is organized into five chapters, with the introduction being the first. Chapter two 

reviews literature within four relevant bodies of scholarship in order to provide context and 

situate the research relative to existing knowledge, as well as identify knowledge gaps.  

Chapter three is the first of two manuscripts and focuses on the methodological 

advancement of the vulnerability approach, specifically for use in climate change research. This 

manuscript describes two longitudinal approaches, cohort and trend studies, and conceptualizes 

hybrid applications of them for climate change vulnerability assessment in response to a 
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recognized need for new methodologies to animate understandings of human vulnerability and 

adaptation to climate change. This is primarily accomplished through an analysis of the 

application of these approaches by the authors in three cases studies from the Arctic, and a 

discussion of key themes uncovered by the approaches and the opportunities and challenges 

associated with each of them. 

Chapter four, the second manuscript, applies a hybridized cohort-trend study, as described 

in the first manuscript, to examine how climate change is being experienced and responded to by 

Inuit in Ulukhaktok over an eleven-year period. This involves an overview of the study location, 

methodology, and a thematic discussion of results drawing on fieldwork data from 2005 and 

2016 as well as historical data and longitudinal datasets. This chapter particularly focuses on the 

processes and conditions that dynamically shape vulnerability and adaptation in Ulukhaktok. 

Chapter five then offers a discussion of the key themes that emerge from the results, expanding 

on the discussion offered in the second manuscript. 

Chapter six concludes the thesis, providing a synopsis of key research findings, a summary 

of practical, empirical, and methodological contributions, limitations, and suggestions for future 

research opportunities and methodological advancement. 
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CHAPTER 2: CONTEXT FOR RESEARCH 
 

The practical and theoretical contexts for this research are rooted in four bodies of 

scholarship: climate change and the Arctic, vulnerability and adaptation, climate change IAV in 

the Arctic, and Inuit studies. This chapter is made up of four sections that each review and 

critically analyze one of these. The first section (2.1) provides an overview of the Western 

scientific documentation of climate change in the Arctic, as well as future projections. Section 

two (2.2) reviews frameworks that have been applied for assessing climate change IAV including 

the scenario-based approach and the evolution of the vulnerability approach. The third section 

(2.3) reviews knowledge on climate change IAV in the Arctic with a particular focus on how 

climate change has impacted Inuit subsistence hunting. Finally, the historical, environmental, 

economic, cultural, political, and social contexts of Inuit are reviewed (section 2.4), including the 

major factors underpinning exposure-sensitivity and adaptive capacity. From these four sections, 

the knowledge gaps and research opportunities that this thesis seeks to address are highlighted 

(section 2.5), providing the contextual basis for the manuscripts that make up the third and fourth 

chapters. 

 

2.1 Climate Change and the Arctic 

Global anthropogenic climate change has significant implications for Arctic regions, with 

the Arctic experiencing a warming trend of 1.9oC over the past 30 years, a rate three times that of 

the global average (IPCC 2013; Comiso et al. 2014). This warming has had numerous effects on 

biophysical systems and processes throughout the Arctic. A few notable changes include sea ice, 

glacier, and ice sheet decline, the timing of freeze-up and break-up of rivers, lakes, and sea ice, 

reduction in snow cover, permafrost melt, increasing extreme weather events, and overall 

ecosystem effects, particularly on wildlife.  

Sea ice extent is declining, resulting in larger areas of open water at the end of summer 

periods, and a correlative increase in the percentage of first-year ice in the spring (Stroeve et al. 

2012; IPCC 2013; Parkinson and Comiso 2013). The reduction in sea ice extent and thickness 

leaves the remaining ice pack more susceptible to break-off and intensified melt due to extreme 

weather and storms in summer months, which was a key factor in the record low Arctic sea ice 

cover in 2012 (Parkinson and Comiso 2013). Declines in sea ice extent and thickness also lead to 

an enhancing summer ice-albedo feedback, further increasing thinning throughout summers and 
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resulting in more open water by the end of each summer period (Stroeve et al. 2012). 

Consequently, declines in sea ice extent and thickness are expected to be non-linear; model 

predictions of acceleration are supported by current physical evidence, and a global warming 

trend reduces the likelihood of cooler years that would allow for a reversal of this trend (Hansen 

et al. 2010; Stroeve et al. 2012) 

Like sea ice, glaciers and ice sheets in the Arctic are experiencing decline, which is having 

serious impacts on the regional hydro-ecological cycle (Prowse et al. 2006; IPCC 2013). The 

timing of freeze-up of rivers and lakes has also changed, and melt is occurring earlier and with 

greater rapidity; the overall duration and predictability of ice regimes is decreasing (Prowse and 

Brown 2010). With reduced ice cover, water temperatures are increasing in rivers and lakes, and 

there has been an overall shift from a nival flow regime to a pluvial flow regime (Prowse et al. 

2006).  

The shift in flow regime is also partially the result of snow cover reduction (Callaghan et 

al. 2011; IPCC 2013). Beyond hydro-ecology, snow is also an important feature of the terrestrial 

Arctic landscape, influencing climate, human activities, and ecosystems (Callaghan et al. 2011). 

Models project that snow cover duration will decrease another 10-20% by 2050, having socio-

economic and biophysical impacts, while also reducing the albedo of the Arctic landscape, 

resulting in a positive warming feedback (Callaghan et al. 2011).  

In addition to reduced snow cover, permafrost is melting in many areas across the Arctic, 

leading to an increase in the active layer (Prowse et al. 2006; Schuur et al. 2013). As permafrost 

melts, stored carbon is released into the atmosphere, which is likely to contribute to the 

acceleration of climate change, acting as another positive warming feedback (IPCC 2013; Schuur 

et al. 2013). Permafrost reduction will also combine with increasing wave action and storm 

surges (due to reduced sea ice extent and more extreme weather), rising sea levels, and warmer 

water temperatures to increase erosion in many coastal areas throughout the Arctic (Overeem et 

al. 2011; Vermaire et al. 2013). 

Finally, each of these impacts has a specific set of localized effects on ecosystems. With 

rising temperatures, there is likely to be a northern migration of flora and fauna into the Arctic 

(Bellerd et al. 2012; Pearson et al. 2013). Beyond the migration of new species into the region, 

current flora and fauna are already being impacted by climate change. For example, ice-obligates 

(species that rely on sea ice for their primary hunting and breeding grounds) including polar 
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bears, walruses, bearded seals, and ringed seals are experiencing declines in recruitment and 

body conditions due to poor sea ice conditions and reduced sea ice extent (Moore and 

Huntington 2008; Regehr et al. 2010; Harwood et al. 2015). 

Ultimately, these biophysical changes are already translating into impacts that are affecting 

Inuit communities and their livelihoods, a trend that is expected to continue and become more 

pronounced in the future (IPCC 2013; Larsen et al. 2014; Ford et al. 2016). Indeed, research 

suggests that even under the most aggressive mitigation regimes the Earth is committed to some 

degree of change due to current levels of greenhouse gases in the atmosphere, and the impacts of 

this change are expected to be more conspicuous in the Arctic (IPCC 2013; Moss et al. 2013). 

However, relatively speaking, research in the Arctic has focused primarily on measuring and 

recording biophysical changes in the environment, and the environmental impacts of climate 

change. While there is a growing body of scholarship focused on the human impacts of climate 

change (see section 2.3), relatively less is known about how biophysical changes translate to 

affect human livelihoods and communities (Pearce et al. 2010; Andrachuk and Smit 2012). 

Therefore, to enable more effective adaptation efforts, additional research is needed to 

understand how climate change is manifested at the household and community levels, and how 

individuals and communities interact with it dynamically (Andrachuk and Smit 2012; Ford and 

Pearce 2012). 

 

2.2 Vulnerability and Adaptation 

Understanding how climate change translates to affect communities and livelihoods 

requires knowledge of how vulnerability is produced within human systems and their 

interactions with environmental stimuli, as well as the capacity that exists within those systems 

to cope with or adapt to changes (Duerden 2004; Smit and Wandel 2006). The term vulnerability 

refers to the susceptibility of a system (e.g. a community) to harm relative to stimulus or stimuli 

via hazardous events or other processes, and how the system is conditioned to be sensitive to this 

exposure and respond to it via coping and/or adaptation (Timmerman 1981; Ford and Smit 2004; 

Adger 2006; Smit and Wandel 2006). In climate change research focus is on climate-related 

stimuli. However, the concept of vulnerability does not originate in climate change scholarship, 

but was born out of the Risks and Natural Hazards (RNH) literature. Within RNH the term 

vulnerability is used to consider the complex webs of social, economic, political, cultural, and 
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environmental factors that condition sensitivity and adaptive capabilities (Watts and Bohle 1993; 

Adger and Kelly 1999; Cutter et al. 2003; Turner et al. 2003; Adger 2006). It is only in the last 

several decades that scholarship on climate change has built on this conceptualization (Ford and 

Smit 2004; Folke 2006; Smit and Wandel 2006). There also exist a number of different 

approaches that are used to understand how biophysical changes translate to produce impacts on 

human systems. Many studies in the Arctic and elsewhere have operationalized this 

conceptualization of vulnerability using the vulnerability approach (Belliveau et al. 2006; Ford et 

al. 2006a,b; Hesselberg and Yaro 2006; Westerhoff and Smit 2009; Pearce et al. 2010; Young et 

al. 2010; Berrang-Ford et al. 2012; Schilling et al. 2012; Bele et al. 2013; McCubbin et al. 2015; 

Connolly-Boutin and Smit 2016; Archer et al. 2017). However, the scenario-based approach is 

another dominant approach used to understand the human impacts of climate change. This 

section will review the scenario-based approach, as well as the development and current state of 

vulnerability scholarship including the vulnerability approach, framework, and opportunities for 

the methodological advancement of climate change vulnerability research. 

 

2.2.1 THE SCENARIO-BASED APPROACH 

The scenario-based approach is the dominant scientific method used to understand how 

climate change will impact human systems. It uses climate models to predict biophysical 

impacts, and then infers effects on human systems from these models assuming autonomous 

adaptation within its predictions (IPCC 2001; Smit and Pilifosova 2003; Ford and Smit 2004). 

The scenario-based approach is useful as it allows us to develop a coarse understanding of 

climate change IAV, and does so relatively efficiently and at flexible medium-to-large scales 

(Smit and Pilifosova 2003). However, because all projections gleaned from this approach are 

relatively large-scale in nature, and these treat the human system as secondary, the usefulness of 

the scenario-based approach is limited. After all, communities do not experience averages; 

human systems are subjected to variable conditions, and how specific stressors produce 

vulnerabilities and how individuals and communities respond to these is contextual and localized 

(Bohle et al. 1994; Smit and Pilifosova 2003; Duerden 2004; Ford and Smit 2004; Smit and 

Wandel 2006). 

Because of these shortcomings of the scenario-based approach, vulnerability and resilience 

assessments have become increasing popular since the early-2000s (e.g. Berkes and Jolly 2002; 
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Furgal and Seguin 2006; Ford et al. 2006a,b; Pearce et al. 2010). In particular, the vulnerability 

approach focuses on contextual variation and emphasizing the conditions that communities deem 

relevant, which gives it a high resolution in the analysis of human systems and climate change 

IAV (Smit and Pilifosova 2003; Ford and Smit 2004). The vulnerability approach is also a 

recognized method for climate change vulnerability assessment by policy-making bodies such as 

the United Nations Framework Convention on Climate Change (UNFCCC), the 

Intergovernmental Panel on Climate Change (IPCC), and some national governments including 

the Canadian government (Smit and Pilifosova 2003; Ford and Smit 2004; UNFCCC 2006). 

Despite this, the dominant scientific approach to assessing the human impacts of climate change 

remains the scenario-based approach. This leaves room for further application and 

methodological development of climate change vulnerability research in order to better 

understand how climate change affects human systems at a more nuanced level (Smit and 

Pilifosova 2003; McCubbin et al. 2015). 

 

2.2.2 THE EVOLUTION OF THE VULNERABILITY APPROACH 

 Many studies focused on climate change IAV, both globally and in the Arctic, apply the 

vulnerability approach, which has evolved from the conceptualization of vulnerability within the 

RNH literature. Over time, the concept of vulnerability has been shaped and applied by other 

fields of scholarship and within other frameworks including the Pressure and Release Model, and 

Social Vulnerability and Entitlement Theory. At the core of each of theses approaches, theories, 

and frameworks is an acknowledgement that vulnerability is a result of human systems and 

human agency, not just biophysical extremes. Here, the development of the concept of 

vulnerability in RNH literature to its application through the vulnerability approach in climate 

change vulnerability assessments will be reviewed and opportunities for continued 

methodological development will be discussed. 

 

2.2.2.1 Risks and Natural Hazards 

 Up until the 1980s, risk and vulnerability were viewed as inherently biophysical. 

Disasters were often conceptualized as the impacts of unpredictable biophysical ‘accidents’ on 

‘ordinary life’ (Hewitt 1983; Gilbert 1998). In the early 1980s scholars began to recognize that 

human systems had agency in the creation of vulnerability and disasters (Hewitt 1983). In 
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particular, the RNH literature acknowledged that social conditions were central to the 

development of vulnerability and disasters (Cutter 1996; Hewitt 1998). From this perspective, 

natural hazards are a characteristic of ‘ordinary life’ in human systems, making disasters a 

representation of social reality (Gilbert 1998; Hewitt 1998). Therefore, disasters are understood 

to be the result of interactions between social and natural processes, not unpredictable 

biophysical accidents (Hewitt 1983). In fact, biophysical extremes are understood to be more 

predictable than social conditions and processes (Hewitt 1983; Gilbert 1998). This 

conceptualization of vulnerability as a social construction is critical to current understandings of 

the role of social conditions in creating vulnerability to climate change. 

 

2.2.2.2 The Pressure and Release Model 

 The Pressure and Release Model (PAR) builds on the conceptualization of vulnerability 

as a social construction, attempting to apply it through the measurement of risk and analysis of 

what social conditions make exposure to a natural hazard unsafe (Turner et al. 2003). In this 

model risk is a function of the interaction between vulnerability (social) and hazards (natural) 

(Figure 2.1) (Wisner et al. 2003). Increasing vulnerability is equated with a build-up of pressure, 

which is then released by a hazard, producing an outflow of risk. Therefore, risk is the outcome 

of an interaction between a natural hazard with the varying levels of vulnerability produced by 

social processes within a system (Wisner et al. 2003). 

The PAR literature conceptualizes the creation and development of vulnerability within the 

human system as a dynamic process that is precipitated by interactions between three levels. 

These three levels include: root causes (e.g. the distribution of power in society), the dynamic 

pressures that translate root causes into vulnerability (e.g. disease impacting a population with 

nutritional deficiencies), and unsafe conditions that result in hazard-specific vulnerability in 

space and time (e.g. location relative to an outbreak) (Figure 2.1) (Wisner et al. 2003). 
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Figure 2.1: The pressure and release model: the progression of vulnerability (Wisner et al. 2003). 

 

Applying this model to climate change research raises some challenges though. Of primary 

importance is the lack of space in the model for agency at smaller scales and the emphasis on 

tackling larger ‘root causes’ alone; there is no focus on adaptation in response to ongoing change 

at a local level. Additionally, PAR isolates hazards and vulnerability, even though hazards, such 

as dynamic and ongoing climate stimuli, can interact with and affect vulnerability over time 

(Adger 2006). 

 

2.2.2.3 Social Vulnerability and Entitlement Theory 

The social vulnerability literature originated in entitlement theory scholarship, which is 

rooted in research on agriculture and food acquisition. Sen (1990) recognized that famine was 

often a manifestation of social conditions that created problems with food acquisition and 

distribution. In the case of food, Sen (1990) conceptualized famine as the result of vulnerability 

created by a failure of entitlements (commodity bundles that can be acquired through multiple 

channels with access determined by an original endowment). Bohle and others (1994) built on 

entitlement theory, recognizing that vulnerability is the result of external stressors (e.g. exposure 
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to a natural hazard) interacting with internal stressors that are determined by human ecology 

(nature-society interactions), entitlements (rights and access, or empowerment to gain 

entitlements), and political economy (the regime in which entitlement is determined) (Figure 2.2) 

(Bohle et al. 1994). Each of these impacts vulnerability uniquely across multiple temporal and 

geographic scales. Climate change, as an example, falls into the domain of human ecology and 

would impact the rest of the system through that particular lens.  

 

 
Figure 2.2: The causal structure of vulnerability (Bohle et al. 1994). 

 

Following this development, social vulnerability scholarship theorized vulnerability as 

directly related to social and policy learning in response to change, recognizing that the capacity 

to adapt is conditioned by learning and access to entitlements (Adger and Kelly 1999). 

Therefore, social vulnerability focuses on the present ability to meet vulnerability, thus avoiding 

the uncertainty of future projections (Adger and Kelly 1999). In doing so, social vulnerability 

emphasizes current vulnerability and recognizes the ability within human systems to show 

agency in the face of change, and the importance of this agency in shaping future vulnerability, 

all critical ideas to the development of the vulnerability approach. However, social vulnerability 

scholarship also almost exclusively focuses on social conditions rather than entire social-

ecological systems (Adger 2006).  
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2.2.2.4 The Vulnerability Approach 

Within climate change IAV literature, vulnerability is recognized as a product of complex 

interactions within social-ecological systems. The agency of human systems, including how 

adaptive responses continuously affect vulnerability, is a particular point of emphasis. Many IAV 

studies have operationalized this conceptualization using the vulnerability approach, which seeks 

to describe the processes and forces that influence and structure vulnerabilities in order to 

identify causal factors and opportunities for responses (Ribot 2014). The vulnerability approach 

conceptualizes the vulnerability of a system as a positive function of exposure-sensitivity to 

climate-related stimulus, and an inverse function of the adaptive capacity of the system (Smit 

and Pilifosova 2003; Ford and Smit 2004; Smit and Wandel 2006). This conceptualization can be 

expressed as: 

 
Vist = f(ESist, ACist) 

 
where Vist represents the vulnerability of community (i) to stimulus (s) in time (t); ESist represents 

exposure-sensitivity of i to s in t; and ACist represents adaptive capacity of i to s in t (Smit and 

Pilifosova 2003; Smit and Ford 2004; Smit and Wandel 2006). Exposure-sensitivity is a joint 

property of the character of stress/exposure (e.g. magnitude, frequency, duration, speed of onset, 

spatial distribution etc.) experienced by a system and the degree to which the system is 

affected/sensitive (Ford and Smit 2004; Adger 2006; Smit and Wandel 2006). How a system is 

sensitive to a specific type of exposure is dependent on political, economic, social, and cultural 

contexts. Therefore, exposure and sensitivity are integrated concepts, and are influenced by 

endogenous and exogenous factors.  

Adaptive capacity refers to the potential to prepare for and moderate risk, and even take 

advantage of opportunities (Adger 2006; Smit and Wandel 2006; IPCC 2007). The availability 

and distribution of resources, infrastructural and technological capacity, human capital (e.g. 

education), social capital (e.g. property rights), past experience with stressors, and equity of 

resource access all influence the adaptive capacity of a human system (Yohe and Tol 2002; Smit 

and Pilifosova 2003; IPCC 2007). Each of these attributes differ according to region, community, 

and individual, and are temporally dynamic, translating to different adaptive capacity across 

space and time (Duerden 2004; Dilling et al. 2015). This dynamism makes adaptive capacity a 



 

 13 

key concept: though future vulnerability may be uncertain, increasing adaptive capacity ensures 

the ability of systems to respond to both present and future vulnerability by increasing their 

coping range (Figure 2.3) (Smit and Pilifosova 2003; Dilling et al. 2015). 

 

 
Figure 2.3: Coping range, variation, and extreme events; coping range is the degree to which a system can 

cope with deviations around the norm (e.g. climate variation) (Smit and Wandel 2006). 
 

Rather than having the researcher identify conditions a priori, the vulnerability approach 

has community members identify the conditions that are relevant and important to them. These 

are examined to understand how interactions within the entire social-ecological system affect 

livelihoods. To accomplish this, the vulnerability approach is typically operationalized through a 

two-stage framework (Figure 2.4). The first stage seeks to assess current vulnerability by 

documenting the current exposure-sensitivity within a system and the adaptive strategies that are 

being employed to deal with those conditions (Ford and Smit 2004; UNDP 2005). The second 

stage attempts to predict future vulnerability by assessing future exposure-sensitivity and 

adaptive capacity through a cross-analysis of climate change projections and future social 

probabilities (Ford and Smit 2004).  
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Figure 2.4: Analytical framework for vulnerability assessment (Ford and Smit 2004). 

Taking this type of an approach, which focuses on the complexity and holistic nature of 

climate change vulnerability, is critical because it seeks to understand the interrelated nature of 

the various different factors within a system that contribute to how climate change is 

experienced. Furthermore, it recognizes agency and the active role that human responses have in 

shaping overall vulnerability to climatic stressors. This ultimately allows us to gain better 

understandings of the variety of social, political, and economic stressors through which climate 

change is often experienced (Dilling et al. 2015; McCubbin et al. 2015). There is, however, room 

to update the vulnerability approach. Environmental and socio-cultural changes are taking place 

rapidly both globally and in the Arctic, and many applications of the vulnerability approach in 

climate change IAV literature are rooted in space and time (Ford and Pearce 2012). As a result, 

there is a need for new methodologies to expand current understandings of human vulnerability 

to climate change to include insights on the dynamism of human-environment interactions 

(Dilling et al. 2015; McDowell et al. 2016).  

 

2.3 Climate Change Impacts, Adaptation, and Vulnerability in the Arctic 

There has been a large amount of research conducted around the world focused on climate 

change IAV using vulnerability frameworks. This includes many non-Arctic studies that apply 

the vulnerability approach to assess how multiple, interrelated endogenous stressors interact with 
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climatic stressors to impact human systems and how those systems respond (e.g. Westerhoff and 

Smit 2009; Young et al. 2010; Cinner et al. 2011; Bardsley and Wiseman 2012; Berrang-Ford et 

al. 2012; Mendoza et al. 2014; Lemos et al. 2016). There is also a sizeable body of climate 

change IAV scholarship that focuses on the Arctic (McDowell et al. 2016). Vulnerability 

research in the Arctic was largely born out of a recognition of the effects of climate change on 

Inuit, which precipitated a shift from research that focused entirely on measuring the biophysical 

characteristics of climate change (e.g. IPCC 1997) to projects that focused on documenting 

community observations of change (e.g. Fox 2000; Krupnik and Jolly 2002; Nichols et al. 2004), 

and then eventually to vulnerability and resilience assessments (e.g. Berkes and Jolly 2002; Ford 

et al. 2006a,b; Pearce et al. 2010). Therefore, since the beginning of the 21st century, there has 

been a proliferation of climate change IAV research, particularly vulnerability assessments, 

conducted in the Arctic with a focus on community-specific contexts, local variability, and the 

cultural understandings of climate change (Pearce et al. 2011a; Adger et al. 2012; Ford et al. 

2012; McDowell et al. 2016). Drawing on the increasingly abundant IAV literature, this section 

will review the findings of IAV scholarship through the lens of the vulnerability framework 

(Figure 2.4), synthesizing knowledge into two subsections: current and future exposure-

sensitivities, and current adaptive strategies and future adaptive capacity. 

 

2.3.1 CURRENT AND FUTURE EXPOSURE-SENSITIVITIES 

Current and future exposure-sensitivities to climate change in the Arctic consist of a 

multitude of climatic and non-climatic stressors. Exposure-sensitivities are often the result of 

convergences between interrelated processes and factors, such as human behavior and the 

environment (Smit and Wandel 2006; Pearce et al. 2011a; Ford et al. 2012; Ford et al. 2013). 

Infrastructure is one area of key focus due to its sensitivity to climatic stressors. In particular, 

melting permafrost poses a threat to buildings, roads, and other infrastructure, and it is expected 

that permafrost melt will combine with higher sea levels and more turbulent water (due to sea ice 

decline) to create greater erosion in coastal areas across the Arctic, which may result in flooding 

or permanent displacement of communities in some cases (Pearce et al. 2011a; Prno et al. 2011; 

Andrachuk and Smit 2012). Municipal services that are vulnerable to increasing extreme weather 

events and ice storms could also be impacted (Andrachuk and Smit 2012; Ford et al. 2012). Most 

of the focus on infrastructure, however, is from the biophysical sciences. Currently, there is a 
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need for more research exploring potential infrastructure opportunities as a result of climate 

change, such as shipping and extractive industries, and the effects that these might have on 

human systems and communities (Cameron 2012; Ford et al. 2012). 

Much of the focus of climate change IAV literature in the Arctic, and especially 

vulnerability research, is centered on the close physical, economic, and cultural connection of 

Inuit with the environment. Central in this scholarship are food sharing systems and subsistence 

activities, which remain both economically and culturally vital to Inuit and subject to climatic 

and non-climatic stressors (Ford et al. 2008; Wenzel 2009; Pearce et al. 2011a; Collings et al. 

2016). Weather determines hunting activity, with more variable and unpredictable conditions 

representing a challenge to safety, and restricting of access as travel becomes more difficult, 

preparing for risk becomes more expensive, and wildlife dispersal and migration patterns change 

(Ford et al. 2006a,b; Ford et al. 2008; Wenzel 2009; Gearheard et al. 2010; Pearce et al. 2010; 

Prno et al. 2011; Andrachuk and Smit 2012; Ford et al. 2013; Clark et al. 2016b; Archer et al. 

2017). For example, increasing sea ice unpredictability has led to certain activities becoming less 

viable and/or more dangerous, such as narwhal hunting on the floe edge (Ford et al. 2013; Archer 

et al. 2017). Changes to sea ice have also negatively impacted seal and polar bear populations, 

making those specific hunts more challenging and often less successful (Ford et al. 2008; Wenzel 

2011). 

Subsistence hunting also acts as a channel through which many non-climatic changes 

converge and interact with biophysical changes to become stressors (Pearce et al. 2011a; Ford et 

al. 2013). Unpredictable weather is not necessarily a risk on its own, but becomes a risk based on 

human behavior. How Inuit interact with their environment and behave relative to conditions is 

largely dictated by each individual’s level of environmental knowledge, experience, and skill, 

which is no longer being transmitted to the same extent as in the past (see section 2.4) (Wenzel 

2009; Pearce et al. 2010; Pearce et al. 2011b; Pearce et al. 2015b). This is the result of changing 

cultural and educational conditions over the last several decades (Pearce et al. 2011b), and would 

pose challenges to travel safety and hunting success even without the backdrop of a rapidly 

changing environment. The changing climate and less effective transmission of traditional 

ecological knowledge (TEK) can also combine with time and/or financial constraints in many 

instances to further limit the ability of hunters to access the land and develop the skills and 

knowledge needed to better deal with uncertain environmental conditions (Ford et al. 2006a,b; 
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Pearce et al. 2010; Archer et al. 2017). Adding a layer to these issues is the influx of new 

technology, such as GPS, VHF radios, cell phones, and the internet. Technology can both 

increase and decrease exposure-sensitivity based on individual reliance; younger generations are 

tending to rely more on technology for navigation, which increases their potential exposure to 

risk as technology can fail or miss environmental nuances, situations where knowledge, skill, and 

experience are irreplaceable (Aporta and Higgs 2005; Pearce et al. 2015b; Archer et al. 2017). 

Lastly, the political economy of climate change also threatens to restrict hunting of culturally and 

economically important species (e.g. polar bears), further compounding non-climatic processes 

and contributing to exposure-sensitivity now and in the future (Wenzel 2009; Collings 2011; 

Ford et al. 2012). 

Negative outcomes in subsistence hunting affect many aspects of Inuit communities; 

continued subsistence activities are critical to sharing networks, food security, and cultural 

identity (Pearce et al. 2011a; Andrachuk and Smit 2012; Ford et al. 2012). In particular, food 

sharing networks are under climatic and non-climatic stress due to climate change and changes 

within Inuit society and culture, impacting a key element of Inuit food security, health, and well-

being (Collings 2011; Collings et al. 2016; Hoover et al. 2016). Evidently there are many 

connections between climatic and non-climatic stressors. That these occur in a dynamic social, 

economic, political, cultural, and environmental context that has undergone significant change in 

the past 50 years alone is critical to understanding vulnerability to climate change. Based on 

current research in the Arctic, it is expected that current exposure-sensitivities will become more 

pronounced in the future (Pearce et al. 2011a; Prno et al. 2011; Ford et al. 2012), though the 

complexity of non-climatic stressors makes understanding future exposure-sensitivity 

particularly difficult.  

 

2.3.2 CURRENT ADAPTIVE STRATEGIES AND FUTURE ADAPTIVE CAPACITY 

 Adaptive strategies can be proactive, concurrent, or reactive responses, and can vary 

across different temporal and spatial scales (Pearce et al. 2010). Current adaptive strategies and 

sources of future adaptive capacity to climate change in the Arctic are numerous and 

differentiated based on geography, resource access, social capital, and environmental knowledge 

and land skills. Reacting to biophysical stressors, many communities have reinforced 

infrastructure, but infrastructure adaptation strategies will need to be more proactive in the future 
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(Ford et al. 2008; Andrachuk and Smit 2012). In response to increasing unpredictability and 

variability of weather and wildlife distribution, hunters have relied on the flexibility of seasonal 

cycles and subsistence patterns, the flexible use of equipment and technology, and, as they have 

gained experience with changing conditions, most hunters now pack more in preparation to deal 

with the risk of being stranded in more variable conditions (Berkes and Jolly 2002; Aporta and 

Higgs 2005; Ford et al.2006a,b; Gearheard et al. 2010; Pearce et al. 2010; Prno et al. 2011; 

Andrachuk and Smit 2012; Ford et al. 2013; Archer et al. 2017). Food insecurity is often 

lessened through access to store food and food sharing networks, the later of which is 

increasingly becoming a source for money to be shared with hunters within a family (Collings 

2011; Pearce et al. 2011a; Archer et al. 2017).  Economic and institutional support through 

government programs and land claim agreements has also contributed to adaptive capacity by 

providing the financial resources necessary to increase access to food, hunting equipment, and 

other materials (Ford et al. 2008; Prno et al. 2011). There is also potential in the future for 

resource extraction and shipping to offer sources of adaptive capacity (e.g. employment and 

financial resources), but these may also contribute to social issues and the displacement of 

wildlife (Prno et al. 2011; Cameron 2012). 

 Currently, many recorded adaptive strategies involve coping with the impacts of climate 

change (Berkes and Jolly 2002; Pearce et al. 2010; Prno et al. 2011). Whether these strategies 

turn into adaptation depends on each community’s engagement with processes of social learning 

and reorganization in response to long-term change (Prno et al. 2011). Subsistence hunting, 

sharing networks, and TEK have been identified as central determinants of adaptive capacity in 

the future, and understandings of if or how they will be used in long-term adaptation actions 

remains unclear (Berkes and Jolly 2002; Ford et al. 2006a,b; Ford et al. 2008; Wenzel 2009; 

Pearce et al 2010; Prno et al. 2011; Pearce et al. 2015b). More broadly, the processes of coping 

and adaptation remain relatively unstudied (Ford et al. 2015). 

 However, each of these adaptive strategies and determinants of adaptive capacity has 

constraints. With the increasing costs of living and hunting, a decreasing availability of time and 

flexibility to hunt and travel, less effective transmission of TEK, and changes to food sharing 

networks, flexibility and sharing as adaptive strategies will be increasingly challenged as sources 

of adaptive capacity (Pearce et al. 2010; Pearce et al. 2015b; Collings et al. 2016). In particular, 

cultural and educational changes reduce the effectiveness of sharing networks in spreading out 
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risk and uncertainty, and lower levels of transmission of TEK make it more difficult to safely 

interact with an increasingly unpredictable environment (Pearce et al. 2011b; Collings et al. 

2016). 

 It is widely recognized that policy should focus on increasing adaptive capacity by 

addressing constraints to adaptation, with a particular focus on mainstreaming adaptation 

initiatives to respond to the underlying non-climatic issues that climate change often magnifies. 

Increasing adaptive capacity guarantees a decrease in vulnerability, and by focusing on current, 

non-climatic determinants of adaptive capacity, uncertainty is reduced and outcomes have the 

potential to have impacts beyond climate-specific vulnerabilities (Ford et al. 2012; McCubbin et 

al. 2015). Taking this approach also leaves room for consideration of the cultural dimensions of 

mitigation and adaptation at the community level, such as how climate change is interpreted and 

experienced (Duerden 2004; Adger et al. 2012).  

Finally, while research to date has made significant contributions to our understandings 

of climate change IAV in the Arctic, vulnerability and adaptation are dynamic. Current 

understandings of climate change IAV in the Arctic (and globally) are based on temporally 

discrete methodologies, leading to static understandings (Ford and Pearce 2012; Dilling et al. 

2015; Archer et al. 2017). Therefore, there is a need for further vulnerability research using new 

methodologies to build on past research and illuminate the nuance and dynamism of stressors 

and responses that contribute to increasing or decreasing vulnerability over time (Ford and 

Pearce 2012; Bennett et al. 2016; Kelman et al. 2016). This will ensure that adaptation strategies 

are not magnifying or contributing to maladaptation (Cutter and Finch 2008; Dilling et al. 2015; 

Singh et al., in press). 

 

2.4 Inuit Studies 

Understanding how Inuit communities experience and respond to climate change requires 

context; Inuit social, economic, cultural, and political contexts have a significant impact on how 

Inuit communities are affected by and respond to climate change (Adger et al. 2012). There is a 

substantial body of scholarship split between multiple disciplines that focuses on Inuit culture, 

society, economics, and their political context, particularly on the five decades since many 

communities became permanent settlements. Within this scholarship there is a specific focus on 

several areas that underpin Inuit adaptive capacity and are becoming areas of stress, thus 
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providing crucial contextual depth for research on climate change IAV with Inuit communities. 

These areas include: subsistence hunting, food sharing networks, and TEK. It is noteworthy that 

while each of these influence adaptive capacity, their use in adaptive strategies is dynamic, 

making further research focusing on them in the context of climatic change necessary. This 

section reviews current knowledge of subsistence hunting, food sharing networks, and TEK, 

beginning with a broad review of Inuit historical context. 

 

2.4.1 HISTORICAL CONTEXT 

 Over the last millennium group mobility and flexibility have been critical to the survival 

of Inuit in the Arctic, with seasonal variations in weather and wildlife distribution shaping Inuit 

life, culture, and economics (Condon 1996; Berkes and Jolly 2002; Damas 2002). The timing of 

hunting activities and spatial distribution of groups were dictated by wildlife availability; winter 

was primarily a time of concentration in sealing camps on the sea ice accompanied by increased 

social activity, and summer was spent dispersed in nuclear families hunting and fishing (Jenness 

1959; Damas 1972; Damas 2002). The advent of contact with European explorers and whalers, 

and later the Canadian Arctic Expedition, began to alter Inuit society fairly rapidly in the early 

20th century, resulting in economic, cultural, and social transformation since (Jenness 1921; 

Condon 1996; Damas 2002). This transformation began with the development of a trapping 

economy, which influenced Inuit spatial dispersion and subsistence patterns and created an early 

dependence on external markets and goods (Condon 1996; Collings et al. 1998). 

 Following attempts to maintain the dispersed and migratory lifestyle of Inuit, the 

Canadian federal government shifted to a Welfare State Policy in the late 1950s and early 1960s 

(Damas 2002). Combined with other pull factors, including education and the centralized nature 

of trading, this policy shift influenced Inuit centralization in settlements (Irwin 1987; Condon et 

al. 1995; Condon 1996). While a trapping and subsistence economy remained critical to Inuit 

livelihoods and culture, centralization in settlements resulted in further dependence on external 

‘inputs of production’ (e.g. snowmobiles) and external markets of export to continue funding 

subsistence activities (Damas 1972; Irwin 1987; Condon et al. 1995; Condon 1996; Tester 2010). 

Specifically, the export of sealskins to southern markets enabled hunters to continue subsistence 

livelihoods that allowed them to meet their subsistence and trading needs simultaneously 

(Wenzel 1987). However, pressure from animal rights movements resulted in the European 
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Economic Commission banning the importation of seal products in 1982; prices for seal skins 

dropped, devastating the mixed economies of many Inuit communities (Irwin 1987; Wenzel 

1987; Wenzel 1991; Condon et al. 1995). The loss of such a crucial subsistence-compatible 

source of income represents a key moment in the development of Inuit communities. In the 35 

years since, subsistence patterns and Inuit engagement with their environment, and therefore 

their economies and culture, has been transformed. 

 The loss of subsistence-compatible income sources has continued into the 21st century 

(e.g. polar bears) (Wenzel 2011), and has combined with other factors to influence large changes 

in Inuit communities. Formal education and health care services are available in many 

communities (Collings and Condon 1996), and there is a growing cellular network throughout 

the Arctic that is opening an ever-expanding window into southern culture and the influences 

that come with it. These changes have combined with the increasing costs of hunting and time 

spent in settlement to bring about notable economic and cultural changes. Within mixed 

economies cash is now more prevalent, expanding these economies to include a larger range of 

income options including full- and part-time employment, social assistance, odd jobs, the sale of 

furs, sport hunt guiding, and subsistence hunting (Pearce et al. 2010; Archer et al. 2017). 

  

2.4.2 SUBSISTENCE HUNTING 

 Despite dynamic socio-economic and cultural contexts, subsistence activities retain 

importance to many Inuit due to their association with tradition and culture (Wenzel 1983; 

Wenzel 1987; Wenzel 1991; Condon et al. 1995; Ford et al. 2006a,b; Pearce et al. 2010). 

Amongst both Inuit and scholars there is a qualitative and quantitative recognition of the 

economic, cultural, and nutritional value of subsistence hunting (Smith and Wright 1989; 

Condon et al. 1995; Collings et al. 1998; Wenzel 2009; Wenzel 2011; Hoover et al. 2013; 

Collings et al. 2016; Hoover et al. 2016). However, in communities the costs of necessary 

equipment or the time constraints of employment required to buy hunting equipment have led to 

an overall decrease in subsistence participation (Pearce et al. 2010; Archer et al. 2017). 

 Due to these factors, and the consistent interaction with the environment that subsistence 

entails, subsistence activities are the nexus of many exposure-sensitivities and adaptation 

strategies. Climate change and non-climatic stressors can make subsistence activities on the land 

more dangerous, but subsistence hunting can also involve the use of multiple wildlife resources, 
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leaving room for relative flexibility and adaptive potential (Berkes and Jolly 2002; Pearce et al. 

2015b). This will be valuable as wildlife regimes are altered by climatic changes, representing 

increasing opportunity to hunt certain species (e.g. marine mammals due to sea ice reduction) as 

other species become harder to access (Wenzel 2009). Finally, though expensive, the literature 

highlights that subsistence hunting has clear economic benefits; hunters can produce food more 

economically than if they were to rely on store food (Smith and Wright 1989; Wenzel 2009; 

Wenzel 2011). 

 

2.4.3 FOOD SHARING NETWORKS 

 Another key aspect of adaptive capacity, both economic and social, is food sharing 

networks. Subsistence activities provide a critical connection to the land that maintains culture 

and a sense of identity, but subsistence also represents a foundational aspect of communal 

provision through the sharing of country foods and the maintenance of the social economy 

(Wenzel 1987; Condon et al. 1995; Wenzel 2009; Wenzel 2013). This has historically taken 

place through ningiqtuq: “a web of social mechanisms that frame and guide Inuit economic 

behavior” (Wenzel 2009, 92). But the complexity of ningiqtuq has diminished as sharing 

networks have been altered by social, cultural, and economic change. Nevertheless, sharing 

retains importance to Inuit communities and livelihoods. In many communities sharing networks 

typically function within families and extended families, but can also extend to include others in 

the community, such as elders, to ensure their food security and the maintenance of cultural 

identity (Condon et al. 1995; Ford et al. 2006b; Collings 2014). These networks are also crucial 

to adaptive capacity; sharing networks reduce economic uncertainty by spreading risk throughout 

a network of individuals and families (Damas 1972; Wenzel 1991; Ford et al. 2006b; Collings et 

al. 2016; Hoover et al. 2016). Thus, while food sharing may not function as it once did, and there 

is a natural unevenness within these systems based on geography and family (Condon et 

al.1995), food sharing has underpinned adaptive capacity to exposure-sensitivities in the past and 

remains critical to addressing exposure-sensitivities now and in the future (Berkes and Jolly 

2002; Hoover et al. 2016). 
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2.4.4 TRADITIONAL ECOLOGICAL KNOWLEDGE 

 Traditional ecological knowledge (TEK) is another theme that has been identified as a 

key factor influencing Inuit experiences of and responses to climate change. TEK can be 

described as a dynamic accumulation of environmental knowledge, experiences, and skills that 

inform interactions with the environment (Stevenson 1996; Wenzel 1999; Berkes et al. 2000; 

Usher 2000; Huntington 2000; Nichols et al. 2004; Pearce et al. 2010; Pearce et al. 2015b). For 

Inuit, TEK is part of a broader knowledge system and epistemology, which can be 

conceptualized as traditional knowledge (TK), Inuit knowledge (IK), or Inuit Quajimajatuqangit 

(IQ) (Wenzel 2004; Tester and Irniq 2008).  

 As a form of environmental knowledge, TEK provides the flexibility necessary to cope 

with and adapt to variability within the harsh Arctic environment through the acceptance of 

unpredictability and change, and the ability to respond to conditions in real time (Berkes et al. 

2000; Berkes and Jolly 2002; Ford et al. 2006a,b; Pearce et al. 2010). In particular, TEK has 

allowed Inuit to be flexible in their seasonal cycles, and to predict and avoid hazards while 

hunting and travelling (Berkes and Jolly 2002; Furgal and Seguin 2006). As a dynamic 

knowledge system, TEK will continue to be important, acting as an enabling factor for other 

forms of adaptive capacity, primarily subsistence hunting (Berkes and Jolly 2002; Berkes 2009; 

Pearce et al. 2015b). However, due to non-climatic factors including changing economic 

demands, methods of travel, decreasing time spent on the land, and a reliance on modern 

technology, TEK is no longer transmitted between generations as effectively as it has been 

previously (Pearce et al. 2011b). 

 

2.5 Discussion: Research Opportunities and Research Gaps 

 Based on these four bodies of scholarship, there is a need for more research on climate 

change IAV at the settlement and household levels, with a specific focus on the dynamism of 

climate change vulnerability and adaptation. In particular, current understandings of climate 

change IAV gleaned from the vast number of vulnerability assessments across the Arctic are 

temporally static (Ford and Pearce 2012; Ford et al. 2013; Archer et al. 2017). This results in 

limited understandings of the processes, and short- and long-term climatic and non-climatic 

trends that condition current risk and adaptation, and are likely to do so into the future (Barnett 

and O’Neill 2010; Birkenholtz 2012; Bennett et al. 2016; Kelman et al. 2016). These static 



 

 24 

understandings have the potential to limit the efficacy of adaptation interventions. There is an 

expressed need for further climate change IAV research using new methodologies to provide 

insight on the dynamism of vulnerability and adaptation (Ford and Pearce 2012; Dilling et al. 

2015).   
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Abstract 

The past decade has seen a proliferation of community-scale climate change vulnerability 

assessments globally. Much of this work has employed frameworks informed by scholarship in 

the vulnerability field, which draws upon interviews with community members to identify and 

characterize climatic risks and adaptive responses. This scholarship has developed a baseline 

understanding of vulnerability in specific places and industries at particular times. However, 

given the dynamic nature of vulnerability, new methodologies are needed to generate insights on 

how climate change is experienced and responded to over time. Longitudinal approaches have 

long been used in sociology and the health sciences to capture the dynamism of human 

processes, but their penetration into vulnerability research has been limited. In this article, we 

describe the application of two longitudinal approaches, cohort and trend studies, in climate 

change vulnerability assessment by analyzing three case studies from the Arctic where the 

authors applied these approaches. These case studies highlight how longitudinal approaches can 

be operationalized to capture the dynamism of vulnerability by identifying climate anomalies and 

trends, and how adaptations develop over time, including insights on themes such as social 

learning and adaptive pathways. 
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 26 

Highlights 

1. Vulnerability to climate change is dynamic 

2. Current understandings of vulnerability to climate change are temporally static 

3. Longitudinal approaches can uncover the dynamism of adaptation processes 

4. Cohort-trend hybrid approaches can be adapted to fit most vulnerability studies 

 

3.1 Introduction  

Research on climate change impacts, adaptation, and vulnerability (IAV) has sought to 

improve our understanding of the adaptation challenge by examining how physical changes in 

the environment translate to affect the lives and livelihoods of people around the world and their 

adaptation options. Much of this research employs a vulnerability framework, which draws upon 

interviews with community members and other methods to identify and characterize climatic 

risks and adaptation responses that are relevant and important to communities (Ford and Smit 

2004; Smit and Wandel 2006; McDowell et al. 2016). This research is grounded in space and 

time, often focuses on a specific locale (e.g. hamlet, town, city) or economic sector (e.g. mining, 

forestry, subsistence hunting), considers the influence of multiple climatic and non-climatic 

stressors on risk and response, and is based on informant recall of past climate events (e.g. Ford 

et al. 2006a,b; Hesselberg and Yaro 2006; Tyler et al. 2007; Laidler et al. 2008; Gearheard et al. 

2010; Pearce et al. 2010; Young et al. 2010; Andrachuk and Smit 2012; Pearce et al. 2012; 

Schilling et al. 2012; McCubbin et al. 2015; Statham et al. 2015; Clark et al. 2016b). 

Vulnerability and other risk assessments have improved our understanding of climate change 

IAV globally, but being temporally discrete they are limited in their ability to capture the 

dynamics of vulnerability and adaptation processes over time (Ford and Pearce 2012; Archer et 

al. 2017). This has the potential to limit the efficacy of adaptation interventions, which often 

target direct climate change impacts (e.g. engineered responses to coastal erosion; new 

technologies for navigation and search and rescue, etc.), with limited understanding of longer-

term climate trends and human processes that are likely to condition future risk and adaptation 

(Barnett and O’Neill 2010; Birkenholtz 2012; Bennett et al. 2016; Kelman et al. 2016). In some 

instances, adaptations in response to temporally discrete climate risks have been maladaptive. 

For example, for Inuit in the Canadian Arctic the spatial concentration of hunting in specific 

areas and/or on a certain species of wildlife as the climate changes has resulted in downstream 
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effects, with more focused and accumulated pressure on that area and/or species actually 

reducing adaptive capacity over time (Ford et al. 2013). 

Human adaptation to changing conditions is a dynamic process, involving the interaction 

of several interrelated factors operating across scales, of which human behaviour, climate, and 

environment are but some (Smit and Wandel 2006; Dilling et al. 2015). Assessing human 

vulnerability to climate change requires knowledge of underlying ecosystem attributes – 

biosphere, hydrosphere, geosphere, and atmosphere – and the linkages among them, and of 

humans themselves, their economies, institutions, infrastructure, cultures, temporal rhythms, and 

related land use (Turner et al. 2003; Sidle et al. 2013; Penn et al. 2016). The challenge is to 

understand how these attributes and their linkages – ecosystem and human – will be altered 

under a changing climate. How will ecosystem processes change over time? How will people 

experience and respond to these changes? What human attributes facilitate or constrain 

adaptation? How may these attributes change over time to deal with new conditions? How will 

effects accumulate temporally and interact synergistically? New methodologies are needed to 

expand current understanding of human vulnerability to climate change to include insights on the 

dynamism of human-environment interactions and the “dynamic construct [of vulnerability] that 

is constantly shifting as decisions are made and…conditions change” (Dilling et al. 2015, p. 7; 

Heltberg et al. 2009; Ford and Pearce 2012; McDowell et al. 2016; Penn et al. 2016; Jurgilevich 

et al. 2017).  

 This article builds upon a body of scholarship on the concept of vulnerability and its 

application in climate change adaptation research. Several authors have described vulnerability 

and its constituents, exposure-sensitivity and adaptive capacity, in detail (Timmerman 1981; 

Bohle et al. 1994; Cutter 1996; Adger and Kelly 1999; Cutter et al. 2003; Smit and Pilifosova 

2003; Adger 2006; Smit and Wandel 2006; Fussel 2007). Others, including Ford and Smit (2004) 

and Turner and others (2003) have outlined empirical frameworks for assessing vulnerability. 

Multiple studies have applied these and other frameworks for assessing vulnerability to climate 

change in the Arctic (Berkes and Jolly 2002; Ford et al. 2006a,b; Pearce et al. 2010; Prno et al. 

2011; Andrachuk and Smit 2012; Statham et al. 2015; Clark et al. 2016b), sub-Saharan Africa 

(Westerhoff and Smit 2009; Berrang-Ford et al. 2012; Connolly-Boutin and Smit 2016), Chile 

(Young et al. 2010), Tuvalu in the Pacific islands (McCubbin et al. 2015), southern Australia 

(Bardsley and Wiseman 2012), coastal communities in southwest Africa (Cinner et al. 2011), 
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rain-fed agriculture in northeast Brazil (Lemos et al. 2016), remote central Australia (Maru et al. 

2014), and in several countries in southeast Asia (e.g. Mendoza et al. 2014). A common feature 

of these studies, while providing important information, is that their characterizations of climate 

sensitivities and adaptation processes are snapshots of the present, often failing to capture the 

dynamics of vulnerability as it evolves over time (Bennett et al. 2016).  

In this article we describe the application of two longitudinal approaches, cohort and 

trend studies, in climate change vulnerability assessment. We focus on the application of these 

approaches, basing our discussion on our combined experience conducting longitudinal climate 

change vulnerability assessments with Inuit in the Canadian Arctic. We review three case 

studies: one case in which a cohort study is applied, and two cases in which a hybrid cohort-trend 

study is applied. This review includes an examination of the approach taken by each case study 

and a discussion on how the longitudinal approach advances understanding of vulnerability and 

adaptation processes. We discuss the key themes uncovered by these approaches, and the 

opportunities and challenges associated with them. While we focus on the Arctic and Inuit, our 

main contention is that new methodologies are needed to advance existing understanding of 

human vulnerability to climate change globally to capture the dynamic nature of vulnerability, 

and in doing so, support adaptations that take into consideration longer-term trends in climate 

and society.  

  

3.2 Vulnerability Assessments in the Canadian Arctic 

The Arctic is a global hotspot for climate change, with an arctic-wide warming trend of 

1.9oC recorded over the past 30 years, a rate three times the global average (Comiso et al. 2014). 

Manifestations of warming include, but are not limited to, changes in sea ice extent, thickness 

and melt patterns, permafrost degradation, changes in precipitation, increased frequency and 

intensity of extreme weather events, and more unpredictable weather. These changes have 

implications for both ecosystems and the human communities who rely on them for their 

livelihoods (Larsen et al. 2014). Inuit have been identified as particularly sensitive to climate 

change, largely due to the importance of subsistence hunting for their livelihoods and culture, 

and the sensitivity of subsistence activities to climate change (Ford et al. 2008; Pearce et al. 

2010; Ford et al. 2016). Research suggests that even under the most aggressive emission 
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reduction efforts, current greenhouse gas levels in the atmosphere commit the Earth to some 

degree of change, necessitating human adaptation (IPCC 2013; Moss et al. 2013).  

Recognizing the effects of climate change on Inuit, research in the Arctic shifted in the 

early 2000s from studies focused solely on measuring the biophysical impacts of climate change 

(IPCC 1997), to projects primarily documenting community observations of change (e.g. Fox 

2000; Krupnik and Jolly 2002; Nichols et al. 2004), and then to vulnerability and resilience 

assessments (e.g. Berkes and Jolly 2002; Furgal and Seguin 2006; Ford et al. 2006a,b; Pearce et 

al. 2010). In the climate change field, the term vulnerability refers to the susceptibility of a 

system (community) to harm relative to a climate stimulus or stimuli, and relates both to 

sensitivity to climate exposures and capacity to adapt (Smit and Wandel 2006). This 

conceptualization of vulnerability builds on the risks and natural hazards literature to consider 

the complex webs of economic, social, cultural, political, and environmental factors that 

influence sensitivity and adaptability at individual and community levels (Watts and Bohle 1993; 

Adger and Kelly 1999; Cutter et al. 2003; Turner et al. 2003; Adger 2006; Folke 2006; Smit and 

Wandel 2006). Many studies in the Arctic and elsewhere have operationalized this 

conceptualization using the vulnerability approach (Belliveau et al. 2006; Ford et al. 2006a,b; 

Hesselberg and Yaro 2006; Westerhoff and Smit 2009; Pearce et al. 2010; Young et al. 2010; 

Berrang-Ford et al. 2012; Schilling et al. 2012; Bele et al. 2013; McCubbin et al. 2015; 

Connolly-Boutin and Smit 2016).  

The vulnerability approach seeks to describe the processes and forces that influence and 

structure vulnerabilities in specific places to help identify why vulnerability exists, and to 

identify opportunities for facilitating adaptation (Ribot 2014). The vulnerability approach 

includes two stages of assessment. The first stage assesses current vulnerability by documenting 

how people are exposed and sensitive to climatic conditions, and the adaptive strategies 

employed to deal with these conditions (Ford and Smit 2004; UNDP 2005). The second stage 

assesses future vulnerability by incorporating future climate change and social probabilities to 

estimate directional changes in exposure-sensitivities and associated adaptive capacities (Ford 

and Smit 2004). Exposure-sensitivity refers to the susceptibility of people and communities to 

variable conditions. It is a joint property of the community characteristics (location, livelihoods, 

economy, infrastructure, etc.) and the characteristics of climate related stimuli (magnitude, 

frequency, spatial dispersion, duration, speed of onset, etc.) (Cutter 1996; Adger 2006; Smit and 
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Wandel 2006). Adaptive capacity and adaptation are closely related. Adaptive capacity refers to 

the potential of a community to adapt to climate change (including variability and extremes), to 

moderate potential damages, to take advantage of opportunities, or to cope with the 

consequences (Adger 2006; Smit and Wandel 2006; IPCC 2007). Determinants of adaptive 

capacity include the availability and distribution of resources, available technology, structure and 

function of institutions, human capital including education, social capital including property 

rights, the ability of decision makers to manage information, and the public’s perceived 

attribution of the source of stress (Yohe and Tol 2002; IPCC 2007). These attributes will differ 

among regions, communities, and individuals, and will vary over time, translating into different 

capacities to adapt (Duerden 2004).  

Along with targeted follow-up studies and focused anthropological studies, vulnerability 

research in the Arctic has found that climatic factors often magnify underlying social, economic, 

and political changes such as increasing reliance on technology for navigation, economic 

changes, changing food and resource sharing networks, the current education system, and 

experience of colonization (Aporta and Higgs 2005; Wenzel 2009; Collings 2011; Pearce et al. 

2011a,b; Ford et al. 2012; Collings et al. 2016). In short, climate change cannot be removed from 

its context; vulnerability to climate change is a “problem of society” not a “problem for society” 

(Ford et al. 2015, p. 6). This research has made significant contributions to our understanding of 

the vulnerability and adaptability of Arctic communities, and to IAV literature generally. 

However, these studies are temporally discrete and rely on respondent recall over relatively short 

time periods, creating static understandings (Ford and Pearce 2012; Penn et al. 2016; Ray and 

Webb 2016; Archer et al. 2017). Consequently, changes in climatic stressors, how changing 

perceptions impact adaptation, the consistency of non-climatic stressors, the cumulative effects 

of stressors and responses, the effect of event timing, and what represents an anomaly, coping, or 

adaptation are not fully understood. This inhibits our understanding of how future climate change 

may affect communities, and constrains adaptation efforts on multiple levels. Herein, it is 

recognized that adaptation policy needs more nuance to illuminate the dynamism of vulnerability 

and adaptation, and the stressors and responses that contribute to increasing or decreasing 

vulnerability over time (Cutter and Finch 2008; Ford and Pearce 2012; Dilling et al. 2015; 

Bennett et al. 2016; Kelman et al. 2016; Penn et al. 2016; Jurgilevich et al. 2017; Singh et al. in 

press). This will be critical to ensuring that adaptation policies and strategies are not magnifying 
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extremes or contributing to maladaptation (Dilling et al. 2015). Responding to the need to 

animate current understandings, Ford and Pearce (2012) have proposed that longitudinal 

approaches be applied to climate change vulnerability assessment. 

It is also necessary to acknowledge that some authors have critiqued the vulnerability 

approach and its application with Inuit in the Arctic. Cameron (2012) argues that vulnerability 

scholarship focuses too heavily on climate change as the key driver influencing risk with less 

attention given to the underlying colonial and non-climatic drivers that shape exposure-

sensitivities and adaptations. Another critique is that vulnerability terminology is disempowering 

to Indigenous communities, labeling them as victims, presuming a lack of ability to adapt, and 

entrenching unequal power dynamics, and that vulnerability research should rather emphasize 

Indigenous experiences, ontologies, and the dynamic agency they possess in the face of change 

(Haalboom and Natcher 2012). Responses to these critiques note that vulnerability research, 

particularly that employing the vulnerability approach, seeks to draw attention to the socio-

economic, political, and cultural contexts that shape how climate change is experienced and 

responded to, thus combating marginalization and inequality while enhancing agency (Ribot 

2011; Ford et al. 2013; Ribot 2014). Furthermore, Ford and others (2013) explain that terms 

including “vulnerability” are used in academic and government writing but not in actual research 

and communication with communities, which seeks to be consistent with local terminology and 

ontologies. We recognize that not all vulnerability research is uniform in approach and stress that 

whatever approach is taken should be participatory and seek to empower individuals and 

communities, work with and highlight their ontologies and interpretations of change, and 

ultimately contribute to decolonizing processes. 

 

3.3 Moving Forward: Longitudinal Vulnerability Assessment 

Longitudinal research generally refers to a series of repeated measures over two or more 

points in time focused on the same characteristics of the same observational unit in order to track 

development, processes, and interactions between the individual and collective as change occurs 

through time (Crowder and Hand 1990; Taris 2000; Saldana 2003; McLeod and Thompson 

2009). In doing so, longitudinal research captures the multi-dimensional aspects of change and 

allows for a better understanding of context, continuities, idiosyncrasies, key events, and the 

speed, quality, and types of change that take place (Pettigrew 1995; McLeod and Thompson 
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2009). The utility of longitudinal research for climate change vulnerability assessment is the 

potential to begin to overcome recall bias to more accurately capture climate and social 

anomalies and trends, and the evolution and interactions of coping strategies and adaptations 

(e.g. how do current experiences dealing with climate-related risks influence the future 

sensitivity and/or capacity of a system – individual or community – to future risks?). Current 

vulnerability assessments largely rely on what informants say in retrospect, leading to recall bias 

that influences what information can be collected (Collings 2011; Ford and Pearce 2012). 

Consequently, situating current experience relative to the past and understanding the evolution of 

changes, including the effect of the socio-economic and political contexts, is difficult (Ford and 

Pearce 2012).  

Longitudinal vulnerability assessment (LVA) – repeated vulnerability assessments over 

time – can begin to overcome recall bias and provide critical insights on the range of 

environmental and human factors and processes affecting adaptation. These insights include the 

role of fast variables (factors and processes operating on quicker timescales, such as climatic 

conditions or economic factors changing over weeks or months) and slow variables (factors and 

processes operating more slowly that provide context for fast variables, such as larger socio-

economic, cultural, and institutional changes) (Chapin et al. 2004, 2006; Ford et al. 2013). LVA 

can also uncover the role that changing understandings or perceptions of climate change have on 

actions at individual, community, and institutional scales. For example, LVA can begin to assess 

how epistemological, communal, and institutional contexts influence reflection on the 

assumptions behind actions to enable learning that can lead to changes in the fundamentals of 

stakeholder behaviour (double-loop learning), or even shift the norms within which governance 

and adaptations take place across various scales (triple-loop learning) (Armitage et al. 2008; 

Reed et al. 2010; Armitage et al. 2011). In this case, to what degree and effect individuals, 

communities, and institutions are reflecting on their actions to devise longer-term, anticipatory 

adaptations can be characterized (Reed et al. 2010; Tschakert and Dietrich 2010; Armitage et al. 

2011). Furthermore, adaptation is a cyclical process occurring pre- and post-exposure, meaning it 

involves pathways and transitional decisions throughout time, rather than at a single point, the 

effects of which can be cumulative and synergistic (Tschakert and Dietrich 2010; Wise et al. 

2014; Penn et al. 2016). LVA holds the potential to uncover how anticipatory processes and 

adaptive pathways develop, how people engage in these differently and how and why some 
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responses are successful or maladaptive over time, and how local responses can have cumulative 

effects or be affected by accumulative climatic and non-climatic factors. Therefore, LVA that 

involves and works closely with communities can better enable vulnerability research to meet the 

critiques outlined at the end of section 2.0. By developing dynamic understandings of how non-

climatic factors condition how climate change is experienced, understood, learned from, and 

responded to, the agency of individuals and communities is underlined, potentially leading to 

empowerment in decision-making at the regional, national, and international levels.  This is 

especially true of the participatory forms of research outlined in the case studies below.  

 

3.3.1 TWO APPROACHES TO LVA: COHORT AND TREND STUDIES 

Longitudinal research is highly flexible and can be tailored to a variety of research 

questions and fields of study. Studies can focus on different periods of time: (i) continuous 

research over any number of weeks, months, or years; (ii) restudies occurring at regular or 

irregular periods of time; and (iii) studies that return to the same group or locale of the original 

research after a significant period of time has passed (Ruspini 1999; Epstein 2002; Saldana 2003; 

McLeod and Thompson 2009). Longitudinal studies can also focus on different observational 

and sampling units including individuals, communities, economic sectors, and various themes 

within each (Corden and Millar 2007). Two longitudinal study designs developed in sociology 

and the health sciences that are well suited for climate change vulnerability assessment are: 

cohort and trend studies.  

 

3.3.1.1 Cohort Studies  

Cohort studies analyze the temporal development of a specific characteristic at the 

individual level within a relatively stable cohort of participants (Ruspini 1999; Taris 2000; Twisk 

2003; McLeod and Thompson 2009). LVA cohort studies could be useful for understanding how 

individual exposure-sensitivities and adaptive responses to climatic changes evolve throughout 

time, and what influences these at the individual level, uncovering processes of human agency, 

social learning, and equity. This continual monitoring at the individual level allows for 

adaptation pathways to be intricately examined including how adaptation decisions are made in 

the context of multiple stresses and changes, what factors enable or inhibit adaptation, how this 
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may differ within a population, how adaptations evolve over time, and identification of 

interactions and feedbacks. 

 

3.3.1.2 Trend Studies  

Also known as repeated cross-sectional designs, trend studies focus on change at an 

aggregate level (e.g. community, industry, sector, etc.) (Ruspini 1999; Taris 2000; Neale et al. 

2012). Trend studies examine key trends and conditions across a population over time and 

examine adaptation strategies at a broader scale than cohort studies. This makes them ideal for 

climate change vulnerability research in the Arctic where there is a collection of completed case 

studies and recorded trends that could serve as the basis for future study. 

 

3.4 Uncharted Territory: LVA in Application 

The operationalization of trend and cohort studies as longitudinal approaches to climate 

change vulnerability research represents relatively uncharted territory. Cohort studies can take a 

number of forms in LVA, but will involve consistent interviews with the same cohort of 

participants exploring specific topics, and will likely be supplemented with instrumental or other 

relevant information that can be collected consistently over time. The consistent collection of 

waves in cohort studies means that processes of change will likely emerge naturally, and recall 

bias will be limited. Trend studies, however, will require including past findings more 

deliberately in data collection and analysis to uncover processes of change within themes and 

overcome recall bias. Doing so will allow LVA trend studies to move beyond comparing case 

studies to uncover trends and processes in vulnerability. However, due to their scalar nature and 

based on our own experiences to date, trend and cohort studies eventually necessitate one 

another within LVA. Therefore, we suggest they be applied together as cohort-trend hybrids to 

better provide insights across individual, cohort, group, and community scales. This will involve 

an iterative process, with elements of each design being used fluidly across a spectrum to meet 

the needs of each study or longitudinal research wave as the overall research focus develops over 

time. We envision LVA studies to be guided by a bottom-up framework for vulnerability 

assessment, such as the one described by Ford and Smit (2004) (Figure 3.1). The starting point 

for an LVA study will be to assess vulnerability at the time of the research (current vulnerability) 

and compare these findings with previous findings to examine changes to vulnerability over 
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time, with a particular focus on the cycle of responses, synergistic interactions, and social 

learning. These findings will generate insights on potential future vulnerability by uncovering 

possible trends in climate and social responses. 

 

 
Figure 3.1: Dynamic and longitudinal modification of the vulnerability framework from Ford and Smit (2004). 

 

To illustrate the operationalization of longitudinal approaches to climate change 

vulnerability assessment, we present three case studies of LVA that were conducted by the 

authors with Inuit in the Canadian Arctic (Figure 3.2). The first case study is an example of a 

cohort study that followed a sample of Inuit hunters in the community of Iqaluit over five years, 

during which time sixty-four semi-structured interviews were conducted and historical records 

examined to develop an understanding of the processes and conditions affecting vulnerability. 

The second and third cases illustrate cohort-trend hybrid studies in Ikpiarjuk (Arctic Bay) and 

Ulukhaktok, which draw upon climate change vulnerability assessments conducted in 2004 and 

2005, focusing on the Inuit subsistence hunting sector. These three cases lay the foundation for 

our discussion of common themes in the application of longitudinal study design in climate 

change vulnerability assessment. 
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Figure 3.2: Locations of the three case studies: Ulukhaktok, Northwest Territories, and Iqaluit and Ikpiarjuk, 

Nunavut. 
 

3.4.1 CASE STUDY 1: IQALUIT COHORT STUDY (FORD ET AL. 2013) 

This case study applied a longitudinal cohort study design to uncover dynamic multi-

scale processes influencing how Inuit hunters in Iqaluit, Nunavut experienced and responded to 

climate-related risks (Ford et al. 2013). The study spanned five years, starting in 2007 with 

thirty-five interviews with Inuit hunters and key informants (search and rescue committee 

members, and territorial government personnel). Twenty-five follow-up interviews were 

completed in 2011 and compared with the 2007 responses. In addition, consistent monitoring 

over the study period was undertaken to track how hunters dealt with climate-related risks. This 

involved two local hunters taking GPS units on hunts to record route, distance, and speed, and 

interviewing the two hunters biweekly to discuss their activities and observations, limiting the 

amount of time and number of experiences that needed to be recalled during each interview. The 

GPS data were used to compare land use by season and year, and was linked to interview data. 

Participant observation field notes, historical data (e.g. harvest studies), and longitudinal 

instrumental data (e.g. sea ice data) were also utilized. Taken together, these multiple sources of 

data generated information on how climatic changes were being experienced in real time 

including adaptation responses.  
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 As a cohort study, the research focused on asking a consistent set of questions with the 

same cohort of individuals over time. Several key themes and examples emerge from this study 

that highlight how a longitudinal study design can advance our understanding of vulnerability. 

First, empirical data collected including costs and trip distances, and how hunters responded to 

changes and convergences in conditions, uncovered valuable information on adaptive pathways 

and where climate fits relative to other socio-economic-political-environmental changes (Ford et 

al. 2013). Understanding how the convergence of different climatic conditions impacts hunting 

also led to knowledge of which conditions were most prominent, and how they affected decision-

making in real time. For instance, adequate snow-cover and sea ice freeze-up are needed to 

access caribou hunting grounds by snow-machine from Iqaluit, and interviews with hunters 

documented the state of these conditions and their influence on hunting success and safety (Ford 

et al. 2013). Furthermore, interviews captured how non-climatic factors such as variability in the 

availability of finances and access to equipment and/or gas affected participation in subsistence, 

and how the decline in the use of outpost camps in the late twentieth century (the result of larger 

scale pressures and settlement) has led to a spatial concentration of hunting that has been further 

compounded by recent climatic changes (Ford et al. 2013). These data were analyzed to examine 

the interactions among climatic and non-climatic factors affecting hunting such as how 

increasing gas usage due to changing ice and snow conditions, together with increasing gas 

prices and the availability of income on the individual level, negatively affected participation in 

subsistence. Factors such as the availability of income were often dependent on temporary or 

seasonal rhythms, although many hunters had their income-earning capabilities negatively 

impacted by larger scale (e.g. institutional) economic and political changes such as the 2009 U.S. 

ban on polar bear products and the 2010 European Union ban on seal skins (Ford et al. 2013).  

Additionally, tracking individuals closely allowed for a deeper understanding of how 

adaptive and social learning takes place. For example, the expectations of the usability of key 

trails changed over the course of the study with hunters starting to use an overland route more 

often as sea ice conditions became less reliable.  Active hunters generated knowledge of trail 

conditions and communicated this information throughout their social networks, enabling other 

hunters to avoid risks on the sea ice and adapt to new trail routes (Ford et al. 2013).  

Compared with a one-time field season, this cohort LVA also uncovered the complexity 

of adaptation. A one-time field season would have likely documented Inuit hunter’s responses to 
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changing ice conditions, such as a shifting focus to hunt caribou using alternative trail routes, 

and taken on its own this observation could be interpreted as successful adaptation. The cohort 

LVA study extended our understanding of this response to changing sea ice conditions over time 

and showed that the shift to hunt caribou resulted in a negative impact on the caribou population 

in the Amadjuaq Lake region, with concerns that the hunt could become unsustainable (Ford et 

al. 2013). The LVA study also captured the influence of other stresses affecting the hunter-

caribou system in real time (rather than retrospectively), such as increasing rain events that 

started to push caribou upland in the Amadjuaq Lake region, coming to a head in November and 

December 2010 when hunters were forced to travel an average of 204km per caribou hunting 

trip, and were experiencing less success, and greater restrictions in access to the area (Ford et al. 

2013). Thus, the LVA study uncovered that altering trail routes to accommodate changing ice 

conditions and increasing hunting concentration in some areas and on one population of animals 

was ultimately maladaptive in terms of long-term hunting viability as climatic changes and 

responses accumulated and synergized.  

 

3.4.2 CASE STUDY 2: IKPIARJUK HYBRID STUDY (ARCHER ET AL. 2017) 

The second case study draws upon data collected in 2004/05 (Ford et al. 2006b) and 2015 

(Archer et al. 2017) in Ikpiarjuk, Nunavut on how Inuit hunters experience and respond to 

climate change. The 2015 study employed a vulnerability framework and methodology 

consistent with the 2004/05 study, including interviews with twenty-four of the original fifty 

participants. Sixteen additional participants were recruited based on age, gender, and livelihood 

to reflect the original cohort, and a forty-year data set of local sea ice conditions was used to 

characterise changing ice conditions. Interviews followed a guide consistent with the original 

study, and change was explored based on participant responses; recall bias was limited by 

exploring change with participants using knowledge of conditions, responses, and perceptions 

from 2004/05, as well longitudinal instrumental data, in order to prompt greater depth and recall. 

General themes in the two datasets were compared consistent with a trend study. In addition, the 

inclusion of nearly half the participants from 2004/05 in the 2015 study allowed for some 

analysis at the individual participant level, consistent with a cohort study. 

 This approach to LVA advanced our understanding of vulnerability in several important 

ways that would not have been possible through a stand-alone case study. Focusing on key 
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themes and the use of longitudinal instrumental sea ice data revealed key trends in climate 

conditions, wildlife regimes, perceptions of changes, and responses over time, including pre-trip 

preparations, the use of technology, and adaptations in social networks. For example, in 2004, 

changes to sea ice were only being reported by participants who were regular hunters, while in 

2015 all participants reported observing changing sea ice conditions including thinner ice, later 

freeze-up and earlier break-up. These changes were not as prevalent in 2004/5 and in 2015 had 

reduced access to some hunting areas by as much as three months. Inuit hunter’s perceptions of 

climate change had also changed between the studies, with hunters in 2015 viewing climatic 

changes as directional (i.e. they did not expect things to “get back to normal” as they did in 

2004/05). In response, hunters were more mindful of taking extra preparations in case they 

encountered climate-related risks when traveling and hunting (e.g. traveling with extra 

equipment and supplies) (Archer et al. 2017). Also apparent were changes to the availability of 

caribou, which were within – at most – a day’s travel in 2004, but have moved progressively 

further away since, requiring greater travel time and resources to hunt, however the extent to 

which climate change is contributing to this change is unclear.  

  The uptake of new technologies for hunting preparation and wayfinding were also 

documented. In 2004/5, technology was largely limited to VHF radios and satellite phones, 

whereas in 2015 GPS, online weather forecasts, and social media platforms such as Facebook 

(e.g. to share information on weather and hunting conditions) were being used before and during 

travel. Similar to the findings of Aporta and Higgs (2005), the use of GPS can be both positive 

and negative, assisting with travel to hunting grounds in poor conditions and wayfinding in new 

areas, but also creating a sense of false security, leading to risk-taking behaviour by less-

experienced hunters who do not have the same level of knowledge, skills, or experience of the 

environment at the same age as previous generations due to socio-economic and educational 

pressures (Archer et al. 2017).  

Finally, the 2015 study uncovered changes in sharing networks with implications for 

adaptation. For instance, in 2015, money was being included in sharing networks, a notable 

change that provided finances to some hunters to purchase equipment and supplies for hunting 

(Archer et al. 2017). Sharing networks were also extending beyond kinship units and mediums 

such as Facebook were being used to distribute everything from observations of changing 

conditions to the sale of country foods.  
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3.4.3 CASE STUDY 3: ULUKHAKTOK CASE STUDY (FAWCETT ET AL. IN REVIEW) 

Similar to the approach taken in Ikpiarjuk, this study took the form of a hybrid trend-

cohort study to examine vulnerability to climate change in Ulukhaktok, NWT using data 

collected in 2005 (Pearce et al. 2010) and 2016 (Fawcett et al. in review). In 2016, thirty-two 

interviews were conducted, including interviews with fourteen of sixty-two participants from the 

original sample. These were complimented by longitudinal data on sea ice, subsistence hunting 

economics, and harvest data for key species important for subsistence. Interviews included 

prompts based on the findings of the 2005 study to explore if and how conditions and responses 

have changed over time. Further participation from the original cohort would have been ideal, 

but was not feasible due to attrition (e.g. deaths, moved away) and the desire to include new 

participants who are active subsistence hunters but were too young to participate in 2005.  

This approach advanced understanding of climate change vulnerability in several ways 

that would not have been possible with a stand-alone case study. First, the inclusion of 

longitudinal climate and socio-economic data generated a better understanding of how non-

climatic factors (both fast and slow variables) influence vulnerability over time. For example, the 

costs of hunting, including gas prices and supplies, have increased over the past eleven years, 

and hunters generally have to travel further to access wildlife, such as muskox, increasing 

hunting costs even more (Fawcett et al. in review). Other larger-scale changes have also reduced 

access to income, such as the U.S. ban on the importation of polar bear products which resulted 

in a steep downturn in polar bear sport hunting (Fawcett et al. in review). This has led to 

increasing competition for muskox sport hunt commissions and access to regional and 

community harvesters assistance programs (Fawcett et al. in review). Consequently, some 

hunters are unable to afford the costs of hunting, others are limited by time due to employment, 

and some are not confident enough to travel in uncertain conditions, especially further away 

from the community. Understanding the complex interactions between human behaviour and 

changing environmental and non-environmental conditions provides us with insights on potential 

entry points to support adaptations. These may include enhancing harvester assistance programs 

and supporting the generation and transmission of skills amongst younger Inuit to travel and hunt 

under changing conditions. 

 Another benefit was that adaptation responses to specific stressors could be explored 

across a consistent sample of participants in 2005 and 2016, and the specific drivers of change 
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between the two waves could be discussed during interviews. For instance, over the past several 

years, increasingly common summer winds have restricted access to caribou hunting grounds in 

Prince Albert Sound by making return trips unpredictable due to dangerous wave activity and/or 

shifting ice conditions (broken sea ice gets pushed back into the sound blocking travel by boat), 

creating timing conflicts with employment or school commitments, or forcing travellers to take 

more supplies with them such as gasoline or food, which can be costly. This summer marked a 

tipping point: wind and ice conditions were treacherous and several hunters abandoned their 

boats and instead traveled overland by ATV. When some of the first hunters to travel by ATV 

returned successful, others also elected to travel overland, a trend that may continue into the 

future (Fawcett et al., in review). Traveling overland, however, will require stocking gas barrels 

on the land during the winter months, which can be costly and requires considerable planning, 

something not everyone can afford. In addition, a hunter can carry much less on an ATV than on 

a boat, restricting the number of caribou that can be brought back to the community. This is a 

poignant factor to consider, as people will need to balance the cost of hunting with the return in 

meat; boats have a greater carrying capacity, but ATVs limit the dependency on good wind and 

wave conditions, and therefore the need to take as many extra supplies. 

 Lastly, the 2016 study documented the longer-term outcome of some adaptations taken in 

2004/5. The 2005 study noted a decline in Peary caribou partially due to freeze-thaw events, 

which affected their ability to reach the lichen they feed on (Pearce et al. 2010). In response to a 

decline in Peary caribou, hunters were more often hunting muskox, which were closer to the 

community and abundant in 2005. The 2016 study reported a decline in muskox numbers and 

hunters now have to travel further from the community to hunt them with varying levels of 

success, resulting in a greater amount of stress on the maintenance of rhythms and a lesser ability 

to respond to perturbations. The decline in muskox may be attributed to increased harvest 

pressure as a result of shifting efforts from caribou to muskox as well as some hunters 

increasingly hunting muskox as a source of income (e.g. sport hunting, meat resale, or the sale of 

horns and hides) due to economic pressures (Fawcett et al., in review). Like the Iqaluit case 

study, the Ulukhaktok study uncovered how a previously documented response to changing 

conditions (hunting muskox rather than caribou) may now be becoming maladaptive, with 

questions about the longer-term sustainability of the hunt.  

 



 

 42 

3.5 Discussion 

The case studies highlight several key themes that are uncovered through the 

operationalization of longitudinal approaches to climate change vulnerability assessment in the 

Arctic including: social learning and skill or technological uptake, the dynamism and processes 

of adaptive pathways, and how climatic and non-climatic conditions interact over time. Here we 

examine each theme, drawing on examples from the case studies. We also examine challenges 

associated with LVA from each study and suggest opportunities for improvement. While the 

discussion focuses on the Arctic application of LVA, the themes have broad relevance for 

vulnerability research.  

 

3.5.1 SOCIAL AND INSTITUTIONAL LEARNING, AND SKILL AND TECHNOLOGY 
UPTAKE 
 

One of the key themes that emerged in the Iqaluit and Ikpiarjuk case studies was social, 

institutional, and adaptive learning, and how the uptake of knowledge, skills, and technology is 

being undertaken. Taking a longitudinal approach allowed for these processes, and to what 

extent they were contributing to adaptive capacity, to be better understood. The Ikpiarjuk case 

study offers two clear examples of this: (1) increasing technological capacity contributing to 

increased adaptive capacity; and (2) changing perceptions of climatic changes contributing to the 

beginning of double-loop learning, where hunters ultimately started shifting the assumptions 

behind their decision-making, which has in turn, with increasing experience, contributed to 

changing responses (Archer et al. 2017). Digging deeper, an example of how institutional 

learning processes contribute to and shape decision-making and social learning processes at 

lower scales can also be gleaned. Ikpiarjuk is a part of a narwhal co-management agreement that 

facilitates quota management (Armitage et al. 2011); the ‘first-come-first-serve’ nature of this 

quota has influenced an increase in risk-taking behaviour by hunters – despite increasingly 

unpredictable floe edge conditions – in response to reduced economic opportunities in the 

community (Archer et al. 2017). The Iqaluit case study also offers glimpses into the process and 

impacts of social learning, noting that the hunters who are travelling more and building up 

experience with changing conditions are the ones that typically make adaptive decisions (e.g. 

changing trail routes), which are then shared in the community through their social networks 

(Ford et al. 2013). Similar to findings by Aporta and Higgs (2005) and Pearce and others 
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(2011b), these insights show that while increased technological capacity may be in part due to 

generational and leadership change, processes of technological and skill uptake are negotiated 

and intentional in response to availability and increasingly unpredictable conditions. Technology 

such as GPS and the internet are now widely used in communities or accessed through familial 

networks (Aporta and Higgs 2005; Pearce et al. 2011b; Archer et al. 2017). These insights also 

challenge dominant narratives that climate change is making traditional knowledge obsolete, 

connecting with findings elsewhere (including Ulukhaktok) that emphasize the importance of 

programs that enhance the transmission of environmental skills and knowledge, and contribute to 

local information sharing networks and social learning processes. Therefore, how social and 

institutional learning, knowledge, skill, and technology uptake occur and interact, and other 

related themes such as changing perceptions and their contribution to learning and adaptation, 

are key themes that LVA uncovers and are critical to understanding the dynamics of adaptation.  

 

3.5.2 THE DYNAMISM OF ADAPTIVE PATHWAYS 

Taking a longitudinal approach to climate change vulnerability assessment allows for the 

dynamism and nuances of adaptive pathways to be explored, enhancing informant recall and 

limiting recall bias. In particular, LVA can broaden our understanding of how different adaptive 

responses develop over time and how these may compound or lead to maladaptation based on 

their synergy with other dynamic climatic or non-climatic variables. Changing responses by 

caribou hunters to summer wind conditions in Ulukhaktok offers an excellent example of this. 

Since 2005, hunters have responded to more consistent and stronger winds and waves by using 

larger boats, and in some cases larger motors, allowing them to travel in rougher waters, and 

increasing the space available to carry additional supplies and gasoline, not to mention larger 

catches. While these measures proved temporarily successful, the wind has been so consistent 

and strong the last few summers, even hunters with larger boats and motors have experienced 

extended periods where they are either stuck in the community or out on the land (Fawcett et al., 

in review). In response to this, as well as the prohibitive costs of taking enough supplies and gas 

should one be stuck on the land, some have started to hunt caribou by ATV (Fawcett et al., in 

review). This will likely require stocking gas barrels on the land during the winter months, and 

limits how many caribou a hunter can bring back, but offsets the need to take as many supplies 

by limiting the influence of wind on travel plans. One hunter was already starting to think about 
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how to modify his sled in order to pull it by ATV more effectively, and whether he might go 

hunting later in the season than normal so the ground would be more firm for his sled. Relying 

entirely on informant recall without some level of tracking over time, offered by LVA, themes 

such as these could not be explored at the level of detail and dynamism needed to support 

adaptive flexibility (e.g. increasing access to gas or supplies, resources useful across pathway 

development), rather than contribute to rigid adaptations that may later prove ineffective or even 

maladaptive with continuously changing conditions.  

 

3.5.3 WHERE DOES CLIMATE FIT? 

LVA uncovers how climatic and non-climatic conditions interact over time. This can be 

particularly valuable for understanding the dynamic roles of fast and slow variables and 

interactions between them (while relying less on informant recall), which was the case in the 

Iqaluit and Ulukhaktok case studies. As a result, convergences between conditions and 

corresponding impacts can be understood. This may be done in a way that captures nuance 

within the highly specific conditions that affect the lives of certain individuals and how they 

respond, such as with certain snow and ice conditions in the Iqaluit case study. Alternatively, 

LVA could capture convergences and the role climate plays on a broader, more thematic level, 

which may contribute an understanding of where more general climatic and non-climatic 

conditions fit within the lives of a variety of people, such as in the Ulukhaktok case study. In 

either case, these insights can be applicable on multiple scales, and emphasize the need across 

the Arctic to enhance programs that begin to help mitigate non-climatic conditions, which 

enhance sensitivity to changing conditions and/or are barriers to adaptation.  

 

3.5.4 CHALLENGES TO OPERATIONALIZING LVA AND CURRENT LIMITATIONS 

While the value of each of these approaches to LVA is apparent, there are numerous 

challenges to operationalizing them, and some limitations to their policy contributions. In the 

Iqaluit case study, the depth of analysis necessitated working closely with a specific cohort of 

hunters. As such, breadth at the community level was sacrificed and the results do not 

necessarily provide - nor do they seek to provide - insights across the entire population. This 

detailed specific approach requires multi-year funding and considerable commitment from 

participants and researchers (Ford et al. 2013).  
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The Ikpiarjuk and Ulukhaktok case studies did not require the same extent of funding or 

the same level of commitment as the Iqaluit study, but encountered other challenges. In both 

Ikpiarjuk and Ulukhaktok, the attrition of participants from the original cohorts, either due to 

individuals moving, passing away, or losing interest in participation, was a significant challenge. 

What happened between the studies (eleven year periods in both cases) was also difficult to fully 

uncover, although the use of longitudinal datasets (e.g. sea ice, economics of hunting) did begin 

to mitigate this issue. This missing information is key to understanding extremes, rates of 

change, and key points in processes of change or along adaptive pathways. Moreover, how the 

process of learning has taken place in response to changing conditions in both case studies 

remains only generally understood; it is difficult to uncover the specifics of this retrospectively 

rather than through consistent tracking similar to the Iqaluit case study. Finally, the approaches 

taken in Ikpiarjuk and Ulukhaktok are good to understand overall trends, anomalies at specific 

points in time, and corresponding responses, but miss responses to variation in long-term trends.  

In all forms of LVA, the time-consuming nature also raises issues of subjectivity, as there 

is likely to be some researcher/interviewer turnover within the same project or same community. 

Therefore, the trust and rapport built by one researcher, and how they interpret results, will 

change with a new researcher. This was the case in both the Ikpiarjuk and Ulukhaktok case 

studies, where the original researchers relied on graduate students to collect and analyze data. To 

account for this limitation, both studies employed the same methods, and the original researchers 

were involved in directing the work, facilitating relationships in each community, and analyzing 

the results (Archer et al. 2017; Fawcett et al. in review).  

The LVA studies discussed here involved in-depth place-based research that focused on 

particular exposure units (subsistence activities) to characterize vulnerability and its 

determinants. Considered individually, the findings of the studies are highly localized and may 

appear to have limited utility outside the study communities. That said, if several case studies are 

completed in one region, there is the potential to develop spatial analogues, through which 

commonalities among case studies can be examined. This information can assist policy makers 

in developing adaptation plans and to mainstream climate change adaptation into regional policy 

and decision-making processes. 

Regardless of the specific approach, constraints of finances, time, subjectivity and human 

resources will always provide challenges to LVA. These will, in part, be overcome with further 
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methodological development and accounting for them in research design and analysis. Based on 

our experience from these three case studies, it would be ideal to take hybrid approaches further 

to find a balance between depth and breadth. However, the challenges and benefits of different 

approaches to hybridized LVA will need to be considered in every context, and the exact 

structure of the study and balance between approaches will have to be shaped based on the goal 

of the researcher(s) and community.  

 

3.6 Conclusions 

This article responds to an identified need within the IAV literature for a more dynamic 

understanding of human vulnerability to climate change (Ford and Pearce 2012; Dilling et al. 

2015; Bennett et al. 2016; Jurgilevich et al. 2017). LVA represents an opportunity to build upon 

past research to better understand the dynamism of vulnerability and adaptation, including 

anomalies, continuous conditions, temporal convergence of specific factors, and how adaptations 

develop over time and in relation to stressors and contexts (Ford and Pearce 2012; Ford et al. 

2013). With this in mind, we have adapted two key approaches to longitudinal research from 

sociology and the health sciences for the purposes of climate change vulnerability research and 

IAV scholarship in general: cohort and trend studies. Each approach offers benefits and 

drawbacks, and each offers potential to uncover the long-term dynamics of vulnerability and 

adaptation, thereby better informing policy recommendations in response to an uncertain and 

changing climate.  

While it is difficult to offer a specific framework for LVA, it is clear that these general 

approaches present benefits that are not available through single, static studies. The case studies 

describe how trend and cohort approaches can be applied independently or as hybrids through an 

iterative and dynamic process. In each case, this will be done differently, with consideration for 

the community, research question, and research programme. While trend or cohort studies are 

useful as stand alone approaches to LVA, by combining them as a hybrid, changes in key themes 

and how they run across groups in entire communities can be uncovered while the nuance and 

detail of how specific conditions impact individuals within specific groups can be tracked more 

consistently, offering more robust research. Combining cohort and trend studies into hybrids may 

provide the most efficient means to cover a variety of scales more completely to better 

understand processes of change across scales, and ultimately the process and development of 
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adaptation and adaptive strategies. Of course, as LVA is applied more widely, greater 

methodological development will be required. However, we believe the development of this 

broad framework and its application in three case studies to be an important first step in 

advancing existing understanding of human vulnerability to climate change globally to capture 

the dynamic nature of vulnerability in order to better support adaptations that consider long-term 

trends in climate and society. 
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Abstract 

Current understanding of climate change vulnerability among Inuit in the Arctic is 

relatively static, rooted in the community and time that individual case studies were conducted. 

This paper seeks to capture the dynamism of Inuit-climate relationships by applying a 

longitudinal approach to assessing vulnerability to climate change among Inuit in Ulukhaktok, 

Northwest Territories. Data were collected in the community in 2005 and 2016 using semi-

structured interviews, participant observation, and analysis of secondary sources of information 

following a consistent methodological framework for vulnerability assessment. Findings from 

the two studies are comparatively analyzed together with longitudinal sea ice and harvesting data 

to examine how Inuit experienced and responded to climatic changes over an eleven-year period. 

The data reveals that many of the climatic changes recorded in 2005 that adversely affected 

hunting activities have persisted or progressed, such as decreasing sea ice thickness and extent, 

and stronger and more consistent summer winds. Inuit are responding to these changes by 

altering travel routes and equipment, taking greater pre-trip precautions, and concentrating their 

efforts on more efficient and accessible hunts. Rising costs of living and subsistence activities, 

time-constraints due to wage employment, changes in the generation and transmission of 

traditional knowledge and land skills, and the concentration of country food sharing networks on 

fewer hunters were identified as key constraints to adaptation. These findings indicate that the 
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connections between subsistence activities and the wage economy are central to understanding 

how climate change is experienced and responded to. 

 

Keywords: Adaptation; Adaptive capacity; Longitudinal; Resilience; Social learning; 
Subsistence 
 

Preface to chapter 4: Community-researcher collaboration 

Arctic research must be undertaken with an awareness of colonial history and asymmetrical 

power relationships and discourses, some of which persist today (Cameron 2012; Smith 2012). 

Researchers need to make concerted efforts to build community-researcher collaboration, and 

should constantly be aware of their positionality, the colonial history of research in the Arctic, 

and the relevance that their research has to communities (Pearce et al. 2009; Smith 2012). This 

research sought to build significant community-researcher collaboration, following key 

considerations for building relationships outlined by Pearce and others (2009), the Aurora 

Research Institute (2015), Inuit Tapiriit Kanatami (2007), and Smith (2012).  

 First, early and ongoing communication was established with the community. 

Communication was initiated a year prior to the beginning of the project to establish the research 

foci, and continued with community research partners at the ArcticNet Annual Scientific 

Meeting in December 2015. At the outset of field research in June 2016, the community was 

engaged in research design and development. The Ulukhaktok Community Corporation (UCC) 

and local Hunters and Trappers Committee (HTC) were consulted for input on the specific 

techniques of the study, language considerations, participant sampling, and the hiring of two 

local Inuit researchers. Thereafter, two local Inuit researchers were hired (Roland Notaina and 

Patrick Kitok Akhiatak, both active subsistence hunters), providing opportunities for local 

employment and capacity building. The local researchers were vital to field research as they 

provided feedback on interview structure and questions, context and cultural guidance, and 

helped facilitate, guide, and translate interviews. The local researchers were also part of the 

initial analysis of interviews during the field season. At the end of the 2016 field season, the lead 

author met with the UCC and HTC again to review preliminary findings and communicate next 

steps. Finally, results will be shared with the community through plain language research 
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summaries and a potential dissemination visit by the lead author and first co-author in 

January/February 2018.  

 

4.1 Introduction 

Inuit in the Arctic have been identified as particularly sensitive to climatic changes due to a 

high dependence on the environment for their subsistence-based livelihoods (Berkes and Jolly 

2002; Larsen et al. 2014). Recognition of Inuit sensitivity to climate change has led to a broad 

body of scholarship focused on climate change impacts, adaptation and vulnerability (IAV). 

Much of this research employs a vulnerability approach, drawing upon multiple methods, 

including interviews with community members, to identify and characterize community-relevant 

risks and adaptive responses (Ford and Smit 2004; Smit and Wandel 2006). This work has 

provided substantial information on how Inuit are experiencing and responding to climatic 

changes, mostly focusing on subsistence activities, and opportunities and barriers to adaptation 

(Ford et al. 2010; Pearce et al. 2015a). Most studies have been conducted at the settlement scale, 

allowing Inuit to identify what climate conditions are relevant and important to them, and what 

adaptations are realistic and desirable (McDowell et al. 2016). This research shows that 

subsistence activities including, hunting, fishing, trapping and gathering, are already being 

adversely affected by climatic changes and adaptability is influenced by a suite of socio-

economic, cultural and environmental conditions operating at multiple spatial and temporal 

scales (Pearce et al. 2011a; Ford et al. 2012). Despite the notable challenge of climate change, 

adaptations are available, feasible, and Inuit have considerable adaptive capacity. Pearce and 

others (2015a) describe policy interventions for realizing this adaptive capacity and overcoming 

adaptation barriers.  

Current understandings of climate change IAV in the Arctic, however, are relatively static, 

rooted in the place and time that the individual studies have been conducted. Our understanding 

of the dynamism of Inuit-climate relationships, including the nature of climatic risks and the 

processes by which people cope with and adapt to changing conditions, is thus limited (Ford and 

Pearce 2012; Archer et al. 2017). Poor understandings of long-term climate trends and the related 

human processes that shape risk and adaptation may ultimately limit the efficacy of adaptation 

interventions and potentially lead to maladaptive outcomes (Barnett and O’Neil 2010; 

Birkenholtz 2012; Bennett et al. 2016).  
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In this article, we examine how Inuit in Ulukhaktok, Northwest Territories adapt to 

changing environmental circumstances over time. We conduct interviews in the settlement and 

compare findings with interview data collected in 2005 and longitudinal sea ice and harvest 

datasets. We take a specific focus on subsistence activities, consistent with the original 2005 

study. The following section provides a brief description of Ulukhaktok and the methods used, 

including the longitudinal study design. Results are then presented and discussed, and adaptation 

opportunities are identified that take into account long-term trends in climate and society.  

 

4.2 Case Study: Ulukhaktok, NT 

Ulukhaktok is an Inuit community of 396 (Statistics Canada 2017) located in the Inuvialuit 

Settlement Region (ISR) in the Western Canadian Arctic. More specifically, Ulukhaktok is 

located at the mouth of Prince Albert Sound on the West coast of Victoria Island (70o45’42’N, 

117o48’20’W) (Figure 4.1) in the region that was historically home to the Northern Copper Inuit, 

who were migratory seasonal subsistence hunters (Damas 1972). The settlement was established 

in 1939 with the Hudson’s Bay Company installing a trading post on King’s Bay, followed by a 

Roman Catholic Mission; however, concentrated settlement did not occur until the late 1950s 

(Damas 2002). The community was later moved west onto Queen’s Bay, its current location. 

During this time, trapping and subsistence hunting remained central to livelihoods (Condon 

1996), but there was also a growing reliance on modernized hunting equipment and external 

markets for imports and exports, largely due to the shift from migratory seasonal hunting to 

settlement (Condon et al. 1995). Because of this, Ulukhaktok, like much of the Canadian Arctic, 

was heavily impacted by international bans on the importation of seal pelts throughout the 1970s 

and 1980s (Wenzel 1987; Wenzel 1991; Condon et al. 1995). Following the bans, subsistence 

hunting continued in Ulukhaktok, but the loss of a key subsistence-compatible source of income 

crippled the ability of many hunters to be as active and has had lasting adverse effects on the 

community. 
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Figure 4.1: Location of Ulukhaktok, NT in the ISR. 

 

Since moving into a permanent settlement, Inuit in Ulukhaktok have experienced a plethora 

of other changes. Along with changes to subsistence hunting, development has led to socio-

economic and cultural changes such as the growth of a mixed economy that includes full- and 

part-time employment, odd jobs, the sale of furs, carvings, and traditional handicrafts, muskox 

sport hunt guiding, subsistence hunting, and the continuation of food sharing networks (Collings 

et al. 1998). Within this economy, cash has become increasingly important, leading to growing 

restraints on subsistence activity due to a lack of finances for hunting activities and/or the time 

necessary to hunt, as well as the incomplete transmission of some environmental knowledge and 

land skills (Pearce et al. 2010; Pearce et al. 2011b). Over the same period of time the community 

has also adapted to various environmental changes including a decline in Peary caribou that 

began in the 1970s (Collings 1997), changes in the size and health of the ringed seal population 

(Harwood et al. 2015), and the presence of Beluga whales in waters near the settlement in the 

summer of 2014. Despite this context of continual change, there has been significant cultural 

continuity, especially with regards to subsistence activities, which continue to have strong 

economic, dietary, and cultural importance for Inuit in Ulukhaktok (Collings et al. 2016; Parker 

2016). It is within this broader context of change that Inuit are experiencing the biophysical 

impacts of recent climate change.   
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4.3 Methods 

4.3.1 LONGITUDINAL VULNERABILITY ASSESSMENT 

 The research employed a modified vulnerability framework described by Smit and 

Wandel (2006) and employed by Pearce and others (2010) in the original 2005 study to examine 

how Inuit are adapting to changing environmental conditions over time. The framework is used 

to guide data collection by having respondents identify the conditions and adaptive strategies that 

are relevant and important to them, beyond those often identified a priori by researchers, and to 

help structure data analysis. In this study, aspects of both cohort and trend longitudinal 

assessments were applied (see Fawcett et al. 2017). This included re-interviewing as many 

people from the original sample as possible, using the findings from 2005 to frame the 2016 

interviews, and considering interview data together with longer-term trends in climate and 

society. 

 

4.3.2 DATA COLLECTION 

Data for this article were collected over an eight-week period in Ulukhaktok between 

June and August 2016. Study protocols were approved by the Human Research Ethics Board at 

the University of Guelph (#16MR034). The research was licensed by the Aurora Research 

Institute (#15913), which oversees research in the Northwest Territories. Data were collected in a 

consistent manner to the 2005 study and included semi-structured interviews and participant 

observation. Since this study is interested in examining how Inuit adapt to changing 

environmental conditions over time, other sources of longitudinal data were collected and 

included local sea ice data, harvest data for key species of wildlife important to Inuit in 

Ulukhaktok (e.g. polar bear and muskox), and economic costs associated with subsistence 

activities.  

A purposive sampling strategy was used to include as many respondents as possible from 

the 2005 study and identify new respondents who actively participate in subsistence activities but 

were unavailable or under eighteen years of age in 2005. In total thirty-two respondents, men and 

women, of varying ages were recruited including fourteen respondents from the 2005 cohort and 

eighteen new respondents. The inclusion of more respondents from the original cohort would 

have been ideal, but was not feasible due to participant attrition. Sixteen respondents from the 

2005 cohort had passed away, ten respondents were not living in the settlement at the time of the 
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research, and four respondents declined to participate in the new study. A description of the 

research sample is provided in Table 4.1. The male bias (22/10) is consistent with the 2005 

sample and may be due to a higher proportion of males being actively involved in subsistence 

activities and the research team being entirely male. 

 

2005 cohort (n=60) 2016 cohort (n=32) 

Category Respondents (%) Category Respondents (%) 
 

 
 

Gender 
Male 

Female 
 

Age 
18-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80+ 

 

Harvest Participation 
Active 
Passive  

(specific seasons) 
Recipient 

 

 
 

 
40 (67%) 
20 (33%) 

 

 
9 (15%) 

10 (16.67%) 
10 (16.67%) 

6 (10%) 
15 (25%) 
4 (6.67%) 
6 (10%) 

 

 
28 (46.67%) 

15 (25%) 
 

17 (28.33%) 

 

2005 cohort 
 

Gender 
Male 

Female 
 

Age 
18-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80+ 

 

Harvest Participation 
Active 
Passive  

(specific seasons) 
Recipient 

 

14 (43.75%) 
 

 
22 (68.75%) 
10 (31.25%) 

 

 
3 (9.375%) 
4 (12.5%) 

9 (28.125%) 
4 (12.5%) 

5 (15.625%) 
5 (15.625%) 

2 (6.25%) 
 

 
17 (53.125%) 

8 (25%) 
 

7 (21.875) 
 

Table 4.1: Demographics of 2005 and 2016 cohorts. 

 

4.3.2.1 Semi-structured Interviews 

Interview questions were open-ended and guided by a semi-structured interview guide (see 

Appendices IV and V). The open-ended structure was used to minimize interview bias and allow 

respondents to openly discuss issues that were important to them and in terms that made sense to 

them and reflected their priorities. Interview questions focused on what conditions were relevant 

and important to the respondents, have these conditions changed and if so, in what ways, how are 

respondents dealing with these changes, and what makes it easier or more difficult for them to 

cope? Interviews were conducted by the university researchers together with a local Inuit 

researcher in English or Inuinnaqtun at the respondent’s house or the house that the research 

team was staying at. Written or oral consent was obtained from each respondent prior to 

interviews and for the purposes of audio recording (all interviews were recorded). After each 

interview, initial transcripts were reviewed and verified by the research team.  
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Interviews were complimented with informal discussions and experiential trips on the land, 

ice and sea (referred to hereafter together as “land”) with community members, and participation 

in community life and activities. Informal discussions with community members helped clarify 

and expand upon what was shared during interviews. In particular, during experiential trips on 

the land, the researchers were able to observe hunter behavior including pre-trip preparations and 

real-time responses to changing conditions. Participating in community life and activities, such 

as meal preparation, drum dances, organized sport, and vehicle maintenance and repair helped 

the researchers build rapport with community members and develop a better understanding of the 

broader societal context for the research. Daily observations were recorded as field notes and in a 

reflexive journal that considered researcher experiences and positionality.  

 

4.3.2.2 Longitudinal Datasets 

Three types of longitudinal data were collected to compliment and expand upon the 

interview data. Sea ice data were attained from the Canadian Ice Service (CIS) and included data 

derived from satellite imagery, and marine, aerial, and terrestrial observations (Gagnon and 

Gough 2005; Laidler et al. 2008). Sea ice data was included to substantiate what respondents 

shared in interviews, both in 2005 and 2016, about changing sea ice thickness and extent, and 

implications for travel on the sea ice. The data span from 1968 to 2016, covering fifteen data 

points around Ulukhaktok. Six data points were selected for further analysis based on their 

location relative to trails and hunting areas identified during interviews. In their original format, 

the data refer to the concentration of ice coverage on a ten-point scale, with 10/10 representing 

maximum ice coverage. The data were analyzed to determine the break-up and freeze-up times 

for each year, and the overall change between the two from year-to-year. Consistent with 

Gagnon and Gough (2005), the break-up date was defined as the earliest day in the spring when 

ice coverage reached 5/10, and the freeze-up date was defined as the first day in the autumn 

where concentrations climbed to 5/10. Both were listed numerically, providing freeze-up dates, 

break-up dates, and the number of open-water days for each year.  

Wildlife harvest data were obtained from the Government of the Northwest Territories and 

the Ulukhaktok Hunters and Trappers Committee (HTC). These data include, muskox and polar 

bear commercial and subsistence hunting data (number of animals taken for each type of hunt) 
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from 2006 and 2016, and the number of allocations and quantity of each allocation for the 

commercial char fishery in Ulukhaktok from 2008 to 2016. 

The economic costs of subsistence activities included detailed prices for individual items 

important for these activities (e.g. costs of equipment, fuel and supplies) and the cost of specific 

hunts (e.g. muskox hunt, caribou hunt) in 2005, 2009, 2013 and 2016. Data from the Inuvialuit 

Harvesters Assistance Program (IHAP) were also collected and included the number of 

applications, total funding available, and number and dollar amount of allocations from 2005 and 

2010-2016.  

 

4.3.3 DATA ANALYSIS 

The interview data were analyzed using the principles of latent content analysis (Bernard 

2012). First, the interviews were transcribed and scanned to identify common or recurring 

themes related to exposure-sensitivities and adaptation to changing environmental conditions. 

The interview data were then coded and analyzed based on these themes using NVivo 10 

qualitative data analysis software (QSR International). Each coding scheme was cross-referenced 

to identify connections between themes. Next, the longitudinal part of analysis involved 

comparing the findings from the 2005 and 2016 studies. Key themes from the two studies were 

compared and contrasted, including direct comparisons between interview transcripts of 

respondents who took part in both studies. Interview data are complemented, when relevant, with 

data from longitudinal datasets to better understand key changes between the two studies. Sea ice 

data were analyzed with interview data to compare respondent experiences with any changes to 

sea ice relative to changes in sea ice cover in the area, and how these changes have affected 

subsistence activities and safety. Hunting and economics data were analyzed with interview and 

participant observation data to generate basic quantification of some of the changes discussed by 

community members. These included, for example, the costs of hunting supplies and estimates 

for specific hunting trips in different seasons, and how key changes at specific points in time 

affected hunting behavior and the number of species hunted.   
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4.4 Results  

4.4.1 EXPOSURE-SENSITIVITIES 

Respondents described several climatic and non-climatic factors that are affecting 

subsistence activities, acknowledging both the biophysical and social components of risk. These 

are characterized here as exposure-sensitivities and include: 1) compromised travel routes and 

increased travel risk, 2) declining quality and availability of wildlife, and 3) financial and time 

constraints (Table 4.2). These findings are similar to 2005, but here increasing travel risks and 

compromised travel routes have been combined, and hunting-related time and economic 

concerns have been added. 

 

Exposure-sensitivities 

2005 2016 
 

Compromised travel routes and increased risk 
• Early and rapid spring melt 
• Longer autumn, and less snow in some years 
• Sea ice taking longer to freeze and melting earlier, 

impacting subsistence activities  
• Variable wind in summer presents challenges 
• Rapid transitions and hazardous conditions leads to 

more hunters being stranded or injured 
 
 
 

Quality and availability of wildlife 
• Decrease in number and condition of ringed seals and 

Peary caribou 
• Limited access to Dolphin Union caribou due to wind, 

distance, and equipment requirements 
• Access to eider ducks restricted by changes to sea ice, 

wind, and boat cost/access 
• Shift from caribou to muskox, but muskox are getting 

further away 
 

 

Compromised travel routes and increased risk 
• Spring melt is early and becoming very rapid (n=21) 
• Snow fall is occurring later and affects travel (n=14) 
• Consistent trend towards later sea ice freeze-up and 

earlier break-up (n=24) 
• Sea ice is thinner leading to a greater flux in safe  

conditions and more travel on land in winter (n=18) 
• Winds are stronger, and more consistent and variable 

in direction, leading to smaller windows of  
opportunity and increased precautionary costs (n=22) 

 

Quality and availability of wildlife 
• Fewer seals, partially due to sea ice decline (n=9) 
• Wind conditions make caribou hunting more  

dangerous, costly, and cause time constraints  (n=11) 
• Changes to sea ice and shorter migration window 

make are restricting access to eider ducks (n=15) 
• Muskox are further away/fewer, leading to less  

hunting success and access constraints (n=17) 
 

Financial and time constraints 
• Time and financial constraints are sometimes forcing 

travel in risky conditions (n=8) 
 

Table 4.2: Description of key exposure-sensitivities documented during interviews with respondents in Ulukhaktok 
in 2005 and 2016. 

 

4.4.1.1 Compromised Travel Routes and Increasing Risk 

In 2005, respondents reported that the changing climate had increased the frequency and 

magnitude of many hazards they typically encountered while travelling on the land or had 

compromised access to some hunting grounds altogether (Pearce et al. 2010). In 2016, many of 

these hazards have persisted or progressed. In particular, the increasing variability, 

unpredictability and the speed at which the weather changes continues to cause problems for 

hunters by delaying, and sometimes inhibiting, travel plans and increasing travel risks. 
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Respondents shared that spring is becoming consistently shorter and snow, and river and lake ice 

are melting earlier and over a shorter time period (within a few hours or days). In the autumn, it 

is snowing later, and river and sea ice are taking longer to freeze-up. Winds have also changed, 

with stronger winds becoming a norm throughout the year, and less predictable.   

Changes to the timing of the spring melt, snowfall and ice freeze-up are adversely affecting 

subsistence activities. If a hunter is caught in a rapid and unpredictable melt, it can lead to major 

damage to their snowmobile and the inability to use flooded trails. In 2005, many respondents 

reported that these conditions were contributing to their snowmobiles getting stuck and/or 

damaged. In 2016, respondents reported that conditions have worsened, but few reported being 

stranded due to unpredictable spring melts, noting that they have learned to avoid these 

conditions, even if it restricts their access to certain areas. In the autumn, if lake ice is not 

sufficiently thick to travel over with a snowmobile, hunters must travel around the lakes 

(assuming there is enough snow), which takes more time and fuel, and exposes their equipment 

to wear and damage from rocks. These conditions are problematic for spring and autumn ice 

fishing at inland lakes including, for example, the annual trip to Fish Lake (Tahiq, ~80km 

northeast) for autumn ice fishing. Hunters usually travel to Fish Lake by snowmobile in early 

October, though as of 2016 many respondents said that they have started to make the trip later in 

October or in early November to allow the ice on Fish Lake and other lakes along the way to 

freeze and snow to fall. However, there can still be a lack of adequate snow cover by this time, 

increasing wear on snowmobiles. The regulated fishing season at Fish Lake also closes at the end 

of November and later trips have started to conflict with the timing of the fishing season. 

Respondents explained that there were variations in the timing of sea ice freeze-up and 

break-up among years but the trend was towards later freeze-up and earlier break-up. These 

observations are consistent with instrumental sea ice data recorded at locations on the sea ice 

near Ulukhaktok (Figure 4.2). Thinner sea ice is also more susceptible to strong winds and ocean 

currents, which hinders ice formation. For example, the increasing frequency and intensity of 

wind in the winter months together with later freeze-up, prevents ‘old’ thick ice from forming. 

Previously, sea ice would set at approximately 5-9 feet thick, but respondents report that sea ice 

is now mostly 2-3 foot ‘young’ ice.  
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“Now it’s really thin, we know that. Out there in the open sea, winter time, ice must be 
only a little over two feet sometimes. Old ice, like uh, quite a few months, like three, 
four months ice never move and stays thick. It’s really changed.” – Elder Pat 
Ekpakohak, 2016 
 
Young ice is more susceptible to strong winds, resulting in broken ice piling, making travel 

on the sea ice more difficult, if not impossible. As a result, many respondents reported travelling 

on the land along the coast in the winter months rather than on the sea ice. Doing so requires 

more time, gasoline and leads to greater wear on their equipment from rocks. These observations 

are consistent with 2005 and the new data confirms a continuing downward trend in the timing of 

sea ice freeze-up and break-up, and ice conditions.  

 

 
Figure 4.2: Changes to sea ice freeze-up (top of graphs) and break-up (bottom), with trend lines included, from six 

important hunting or travel areas from 1968-2016. 
 

Winds are described to be stronger and more consistent throughout the year and less 

predictable. In 2005, respondents noted that winds, which have historically created challenges, 

were becoming more of a problem in the summer months when people travel to hunting areas by 

boat. In 2016, wind conditions have continued to change and create new problems. Summer 

winds have grown so strong and consistent with such great directional inconsistency that they are 

making windows of opportunity for boating more narrow and unpredictable. Wind can create 
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wave activity that makes boating difficult, if not impossible, and makes some hunting areas 

inaccessible. Depending on the wind direction, broken sea ice can be pushed back into the 

community’s bays or into Prince Albert Sound, restricting travel by boat. Even if wave 

conditions are manageable, increased wave activity results in higher fuel consumption and 

greater risk. Due to the variability of wind conditions there is now an ever-present risk of being 

stuck on the land while waiting out wind conditions, which can sometimes take weeks. 

 

4.4.1.2 Declining Quality and Availability of Wildlife 

In 2005, observed changes to the quality and availability of wildlife included a notable 

decrease in the number of young ringed seals, poor body condition of adult ringed seals, a 

decline in the number of Peary caribou, and changing summer wind patterns restricting access to 

caribou hunting grounds in Prince Albert Sound (Pearce et al. 2010). These conditions have 

persisted, and in some cases new challenges have emerged. In 2016, hunters reported a decline in 

the presence of ringed seals, young and adult, in the area (congruent with Harwood et al. 2015), 

and believe that changes in the number of seals is related to two factors: seals following food 

sources into Safety Channel, and seal dens being affected by sea ice piling. Fewer seals mean 

less meat for the community, less income from selling seal pelts, and negative implications for 

polar bear who depend on seals as their main source of food. Peary caribou remain far from the 

community, albeit a few animals have been harvested near the community in recent years 

generating hope among respondents that they will eventually return, and wind conditions 

continue to wreak havoc on boat travel to caribou hunting areas in Prince Albert Sound 

(Dolphin-Union herd).  

 Respondents reported the occurrence of new species of wildlife and increases in the 

population of some predators. Since 2005 there have been documented observations and 

successful hunts of grizzly bears and hybrid ‘grolar’ bears on Victoria Island. Grizzly bears are 

thought to be competing with polar bears for food, and there have been observed kill sites where 

it is believed a grizzly has killed several muskox but only ate specific pieces of select animals. 

There has also been a noted increase in the presence of wolves, near the community and further 

inland, adding another hunting pressure on muskox. In 2014 there was an unprecedented hunt of 

thirty-two beluga whales in waters near the community, producing large amounts of food and 

excitement. Several respondents expressed that they hoped this trend would continue in the 
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future, albeit the whales have yet to return in such numbers, and perhaps also include other 

species migrating north such as elk and moose. 

Ulukhaktok is one of two communities in the Arctic that hunt the western population of 

king eider ducks. Access to hunting ducks was a key issue in 2005, and changing sea ice and 

wind conditions continue to converge to make access a problem because of the need for a boat, 

more gas, and a lesser likelihood of conditions that are conducive for duck hunting such as calm 

winds and fog. In addition to these already problematic conditions, hunters in 2016 also observed 

that ducks were migrating past the community earlier, in a shorter time frame, and in fewer large 

groups. Even with good sea ice conditions in 2016, many respondents reported missing the hunt 

because of the concentrated migration. 

“Ducks season used to be one season, maybe three times - they would run maybe three 
times…Now it’s like only one bunch just fly for how many days of the year, and you 
never see them again…people used to quit before the ducks stopped flying. They had 
enough. Used to get more than what we get now.” (Anonymous Elder, 2016)  

 
 Another change from 2005 to 2016 was that respondents reported that there were fewer 

muskox and they had to travel much further from the community to hunt them with varying 

success in 2016.  

“Yeah, especially the muskox now. They’re starting to get further and further. You’ve 
got to get more than five gallons to go out there and back, unless you get lucky and 
it’s like two or three miles out of town.” (Isaac Inuktalik, 2016) 

 
In the late 1990s muskox had replaced caribou as the primary source of meat because of the 

scarcity of caribou and the close proximity and abundance of muskox. In 2005, respondents 

reported that they were starting to see a slight decline in muskox and they had to travel a little 

further to hunt them. At the time, respondents suggested that this was due to over-harvesting 

driven by their emergence as a key species important for subsistence and the cash incentives that 

were being offered for their hides. Eleven years later, respondents report that there are even 

fewer muskox and that they are moving progressively further away from the community. 

Respondents attribute the decline to natural cycles, the presence of more wolves, grolars and 

grizzly bears, and increased harvest pressure as muskox have become a focal point of subsistence 

hunting and income (e.g. sport hunting, meat resale, or the sale of horns and hides). This has 

made muskox more difficult and expensive to hunt (cost of fuel), with reduced chance of hunting 

success. Hunters now have to travel as far as Minto Inlet or Walker Bay to find muskox, and one 
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respondent reported travelling 120km by ATV one day in July 2016 without seeing any muskox. 

As a result, hunting muskox now requires more extensive knowledge of areas on the land further 

from the community, and with increased fuel costs and greater uncertainty for a successful hunt, 

some hunters are choosing not go. 

 

4.4.1.3 Financial and Time Constraints 

Increased time constraints due to wage employment and/or schooling have forced some 

hunters to make shorter trips and sometimes travel back to the community in risky conditions. 

Other hunters noted being unable to afford the high costs of some supplies and have run out of 

supplies while on the land, also resulting in them traveling back to the community in risky 

conditions. Of particular concern for respondents were gas prices, which have increased from 

$1.23/liter in 2005 to $1.81/liter in 2016, and oil and naphtha, which were respectively 

$7.99/liter and $3.41/liter in 2009 and increased to $16.99/liter and $4.38/liter in 2016. These 

rising costs are compounded by the need to travel further to reach hunting grounds, requiring 

more fuel and supplies, and more time. A day trip to hunt muskox now uses an average of 4L 

more gas according to one respondent who actively hunts muskox, with the gas costs for a day 

trip now reaching as high as $170 (personal correspondence, Adam Kudlak, 2016). This is an 

increase from $120 in 2013 and is driven by rising gas prices and longer travel distances. 

Another example of how time and financial constraints can combine to adversely affect 

subsistence activities is caribou hunting in Prince Albert Sound. Summer caribou hunting by boat 

has always been expensive but can cost as much as $2000/boat because of the need for extra gas 

and supplies to be prepared for unpredictable wind and ice conditions.  

Increasing wear on vehicles is also becoming a problem that can constrain consistent 

participation in subsistence activities and enhance exposure to hazards on the land. 

“I have to go further and I spend more on gas. Sometimes your quads go down and 
you gotta order more parts and wait, and wait, and wait.” (Jack Akhiatak, 2016) 

 
Due to changes in snow and ice conditions, especially during the shoulder seasons, hunters have 

to replace parts and maintain their equipment at greater expenses, limiting how they can prepare 

for hunts or if they can go out altogether. This year alone, one respondent had to replace five sets 

of carbides (steel runners on the bottom of the skis) on his snowmobile at $100 per set due to a 
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lack of snow on the rocky land (personal correspondence, Roland Notaina, 2016). These 

challenges are further compounded by the lower success rates of hunts.  

 

4.4.2 ADAPTIVE STRATEGIES 

Four main themes emerged from the interview data about how Inuit in Ulukhaktok are 

responding to changing conditions affecting subsistence activities and participation. These 

include: 1) extra precautions, 2) flexibility, 3) sharing networks, and 4) community hunts (Table 

4.3). Consistent with the adaptive strategies documented in 2005, adaptive strategies employed 

in 2016 are largely autonomous and reactive, with emerging roles for institutions at the 

community and regional scales.  

 

Adaptive strategies 

2005 2016 
 

Extra precautions 
• Taking extra precautions and supplies/gas 
• Travel in groups and closer to town 
• Increasing use of communication or navigation  

technology  
 
 
 
 
 

Alternative transportation and routes 
• Increasing use of boats in shoulder seasons as ice 

melts earlier – costs can restrict access 
• Shift from caribou to muskox 
• Change routes and locations 

 
 
 

Food sharing and diet change 
• Important adaptive strategy, starting to be restricted 
• Changes to species harvested 
• Supplement diet with store food 

 

 

Extra precautions 
• More precautionary supplies required, sometimes 

constraining adequate preparation (n=16) 
• Increased avoidance of risky conditions (n=9) 
• Travel in groups or communicate travel plans (n=17) 
• Technology is widely used, often within the context 

of individual skills and knowledge (n=20) 
 

Flexibility 
• Under pressure, more difficult to be flexible (n=13) 
• Flexible equipment and trail use (e.g. caribou hunt by 

ATV) (n=17) 
 
 
 
 
 

Sharing networks 
• Increasing concentration on family units to enable a 

few hunters to be active (n=12) 
 

Community hunts 
• Provide those who may not otherwise have access to a 

reliable source of country foods with food (n=15) 
 

Table 4.3: Description of key adaptive strategies documented in Ulukhaktok in 2005 and 2016. 
 

4.4.2.1 Extra Precautions 

In 2005, hunters in Ulukhaktok reported taking extra precautions, beyond what they 

would normally do, before and during travel in anticipation of encountering problematic 

conditions. In 2016, most hunters continued to take these precautions, but some respondents 

expressed concern that the increased costs of hunting sometimes limited their ability to take 

adequate precautions such as traveling with extra fuel and supplies. In some cases where the 

wind has not let up for extended periods of time, some respondents reported taking extreme risks 
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to travel back to the community in dangerous wave conditions because they have run out of 

supplies or needed to make it back for work or school commitments.  

The uptake of new communication and navigation technologies continued in 2016; many 

hunters now commonly carry satellite phones, Global Positioning Systems (GPS) and cell 

phones. Financial constraints, however, limit who can access these technologies, with some 

hunters sharing equipment and others relying on the Canadian Ranger’s equipment. The 

unreliability of GPS has led many hunters to mistrust technology for navigation and to report 

taking a GPS with them as a fallback in case they get caught in a difficult situation such as a 

whiteout or if they temporarily lose their bearings and need to reorient themselves. In fact, these 

technologies have seemingly found a niche where they are often used, but not overly relied upon. 

Instead, hunters are often prepared to camp temporarily if they are stranded and are otherwise 

prepared with a VHF radio or satellite phone to communicate if they need help.  

A major change in communication technology since 2005 has been the diffusion of high-

speed Internet in the settlement and the installation of a cellular reception tower in September 

2014. Many people who travel close to the community now use cell phones to communicate with 

people in the community and beyond. Some experienced hunters leverage social media as a form 

of communication, especially with younger community members. Almost everyone in the 

community uses Facebook, either directly or indirectly through a family member. Some people 

use Facebook as a means to communicate environmental conditions and share reports from 

hunters who are on the land. 

 

4.4.2.2 Flexibility 

Flexibility has always been an adaptive response to the Arctic environment and continues to 

be important in adaptation to recent environmental changes. In 2016, several flexible responses 

to changing conditions among Inuit in Ulukhaktok were documented. The use of alternative 

equipment to continue pursuing specific subsistence activities and using alternative travel routes 

to access hunting areas were both important adaptive strategies, such as using ATVs and trails, 

instead of boats, to go caribou hunting. Flexibility in the timing of subsistence activities (e.g. 

traveling to Fish Lake later in the autumn when river and lake ice is frozen) and in the species of 

wildlife harvested (e.g. the switch from caribou to muskox, or hunters learning about and hunting 

new predators such as grizzly bears) were also identified by respondents as important strategies. 
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Respondents shared that their ability to be flexible depends on their access to income and 

freedom from work and other social commitments. 

 

4.4.2.3 Sharing networks 

 In 2005, food sharing networks were identified as providing community members with 

country foods in spite of factors that may affect their involvement in subsistence activities. It was 

noted, however, that food sharing networks were not functioning as they did in the past and food 

sharing had become more restricted to immediate family members. This trend continued in 2016 

and now these networks also include cash exchanges. An emerging trend is families pooling 

financial resources to support one or two members to hunt and provide country food. This 

investment in one or two members to do the hunting for the family reflects the high costs of 

hunting and the need for wage employment to pay for travel equipment, fuel, and supplies. One 

active hunter noted that his mother purchased a snowmobile for him because he provides country 

food for her and his family network. Without this help, he would not have been able to afford a 

new snowmobile, which would have limited his ability to actively engage in subsistence 

activities during the winter and, therefore, his family’s access to country foods.  

 

4.4.2.4 Community Hunts 

 Community-sponsored hunts have recently been organized to help provide community 

members, who may not otherwise have access to a reliable source of country foods, with food. 

These hunts have involved the local Hunters and Trappers Committee and Community 

Corporation hiring local hunters to harvest wildlife (e.g. muskox), which is then shared with 

Elders, single mothers, and other marginalized groups in the community. Thirty-two muskox 

were hunted over the course of two community hunts in 2015/2016 and the meat was distributed 

to households throughout the community. The hunts have been well received by community 

members, many who would not otherwise have had access to country foods at those times of the 

year. Some respondents, however, noted that it is important to consider the health of the wildlife 

species being hunted (muskox), and to not deplete a population that is already stressed.  
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4.4.3 ADAPTATION CONSTRAINTS 

Three main themes emerged from the interview data about how Inuit in Ulukhaktok are 

constrained in their responses to changing conditions affecting subsistence activities. These 

include: 1) capital resources and time, 2) hunting economics, and 3) environmental knowledge 

and land skills (Table 4.4). These findings are similar to 2005, but here we have added hunting 

economics, as several changes to the economics of subsistence have further constrained adaptive 

capacity since 2005. 

 

Adaptive constraints 

2005 2016 
 

Capital resources and time 
• Finances constrain adaptive strategies (e.g.  

flexibility), limit participation in subsistence 
• Time constrains subsistence activities and causes  

conflicts with unpredictable weather 
• Polar bear sport hunt is an important source of income 

 
 
 
 
 
 
 
 
 

Traditional ecological knowledge 
• Crucial to adaptive capacity, but transmission is no 

longer functioning as effectively as previously 
 

 

Capital resources and time 
• Finances increasingly constrain adaptive strategies 

(e.g. flexibility), limit activities (n=24) 
• Time constrains subsistence activities and causes  

conflicts with unpredictable weather (n=12) 
 

Hunting economics 
• Loss of polar bear sport hunt has constrained income 

and increased pressure on muskox (n=9) 
• Local commercialization of country food (n=6) 

 

Environmental knowledge and land skills 
• Transmission continues to be problematic and is  

compounded by other factors (e.g. increasing costs) 
that limit subsistence activities (n=9) 

 

Table 4.4: Description of key adaptation constraints documented in Ulukhaktok in 2005 and 2016. 
 

4.4.3.1 Capital Resources and Time 

Similar to 2005, time and access to capital resources were acting as constraints to 

adaptation in 2016, in large part due to the high financial costs of living and financial and time 

requirements of subsistence. There is limited access to income in the community due to few 

economic opportunities and constraints on subsistence-compatible sources of income (see section 

4.4.3.2). Two members of the local HTC even noted that programs such as the IHAP and the 

Community Harvesters Assistance Program (CHAP) are receiving more applications due to 

increasing financial pressures, but the amount of funding available has not increased over the 

past several years. Financial pressures can be problematic as access to equipment and alternative 

modes of transportation are essential to enable flexibility to adapt to changing conditions. For 

example, in response to more open water and stronger and more consistent winds and waves, 

some hunters have purchased larger boats, but winds in the summer months have become so 

strong and consistent that even hunters with the largest boats have difficulties finding 
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opportunities to travel. As a result, in 2016 some hunters leveraged their access to ATVs and 

barrels of gasoline stored on the land to go hunting for caribou by ATV. The development of this 

adaptive pathway required access to multiple modes of transportation, and the money and time in 

the winter to buy and place a barrel of gas out on the land. 

 

4.4.3.2 Hunting Economics 

The economics of subsistence can be both a source and constraint to adaptation. There are a 

variety of ways in which hunters can access financial capital through subsistence including 

trapping (mostly foxes), hunting wolves (biological samples and pelts can be worth $600-950 per 

animal), the community’s commercial char fishery, selling muskox hides, horns, and meat, and 

muskox sport hunt guiding. Alternatively, the economics of subsistence can constrain adaptation 

as hunting is more expensive and hunters are traveling longer distances to find wildlife with 

lower rates of success. Since 2005, there have been three major developments that have impacted 

the economics of subsistence hunting in Ulukhaktok: the ‘end’ of the polar beat sport hunt, the 

subsequent rise of the muskox sport hunt, and the commercialization of country food within the 

community. 

 Prior to 2008, the polar bear sport hunt provided important financial resources to the 

community via income for Inuit guides and helpers. In Ulukhaktok, each polar bear sport hunt 

typically brought in around $3,000 to the helper for their pay, and $8,000 to the guide for their 

pay, to pay for their dog team, and to purchase the necessary equipment and supplies for the 

hunt, which was particularly valuable for large equipment purchases. But in 2008 the U.S. Fish 

and Wildlife Service (USFWS) banned the importation of polar bear trophies under the 

Endangered Species Act. Because the majority of sport hunters visiting Ulukhaktok were 

American, the number of polar bear sport hunts in the community dropped from 10 in 2007/08 to 

3 in 2008/09, and down to 0 in 2009/2010 (GNWT 2011). As a result, an important source of 

subsistence-compatible income has disappeared from the community; several hunters who once 

guided polar bear sport hunts noted that this has affected their ability to purchase or maintain 

their large equipment (e.g. snowmobiles) and to train and keep a dog team. 

 Some respondents reported that since the polar bear ban in 2008, the muskox sport hunt, 

which has historically fluctuated, has become a more important source of income in the 

community. This correlates with a quick increase in the number of muskox harvested for sport 
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hunting following a relative dip in 2007/08 and 2008/09 (GNWT 2011, 2016). Several 

respondents noted that because of the greater importance of the muskox sport hunt for income, 

there is greater competition for guide and helper commissions. The Ulukhaktok HTC selects 

guides and helpers for muskox sport hunts and there are a limited number of hunts and an 

increased number of applicants, making it more difficult to be awarded a commission as a guide 

or helper. While the overhead costs are fewer than polar bear sport hunts, the economic benefit 

from these hunts also fails to spill over into regular subsistence activities to the same extent as 

polar bear sport hunts; guides gross approximately $1500 on muskox sport hunts, leaving less 

money for them to spend on their own subsistence activities, particularly large equipment 

purchases. Several hunters who guide muskox sport hunts have also observed that some muskox 

sport hunts have resulted in a net loss after paying for fuel and supplies because muskox are 

generally further away from the community and more difficult to find. One hunter suggested that 

they might have to look for new hunting grounds to take sport hunters to as current areas have 

been depleted.  

“The last couple summers we’ve been lucky to get some muskox for the [sport] 
hunters, but we had to kind of go more-further from our camping areas, base camp. So 
I think we’re gonna have to start looking at alternate hunting grounds, cause we’ve 
been hunting in the same areas for a while now. I think we’re going to have to go 
further up the island” (Jack Akhiatak, 2016) 
 
 A third emergent theme related to hunting economics is the commercialization of some 

country foods. Some local businesses including, the Quickstop (convenience store) and hotel buy 

meat, mostly muskox, from local hunters for resale, and the community was testing the 

feasibility of expanding their commercial char fishery to support a local processing plant by 

increasing commercial char tags from the standard 500 to 700 in 2016. Several hunters have also 

started to independently market country food on social media. For example, one hunter shared 

that he sells medium-sized Ziploc bags of ground muskox meat for $40 each, almost exclusively 

to people who are unable to hunt themselves for a variety of reasons. The commercialization of 

country foods has implications for the health of the food source and for local sharing networks, 

which play an important role in supporting local food security.  
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4.4.3.3 Environmental Knowledge and Land Skills 

In 2005, respondents expressed concern that some environmental knowledge and land 

skills were not being shared with younger generations, resulting in some younger Inuit not being 

well-equipped to engage in subsistence activities, especially under changing conditions. These 

observations were later substantiated with evidence of changes in the transmission of 

environmental knowledge and land skills among Inuit men in Ulukhaktok (Pearce et al. 2010; 

Pearce et al. 2011b). To what extent this has changed is beyond the scope of this research to 

characterize, but in 2016 some respondents, especially from older generations, expressed 

concerned that some environmental knowledge and land skills are not being transmitted to 

younger generations. Commonly reported stresses to transmission include time constraints due to 

wage employment and formal schooling, the increasing costs of hunting, changing motivations 

for some young people, and compromised travel conditions limiting time on the land.  

 

4.5 Discussion 

 The results of this research offer some key insights for supporting adaptation to climate 

change in the Arctic. The finding that several of the exposure-sensitivities that were evident in 

2005 have persisted, and in some cases progressed, shows that these changes were not 

anomalous to 2005 and are part of longer term trends in climate and society. These long-term 

trends are now converging to create new forms of risk, such as the evolution of time and 

financial constraints into factors that in certain contexts influence exposure-sensitivity. The 

finding that social learning is evident in how Inuit have responded to changing conditions over 

the past eleven years reinforces that adaptation is an iterative process, and shows that Inuit have 

a high adaptive capacity to changing conditions.  

 The finding that Inuit demonstrate resilience to changing conditions and a high degree of 

adaptability is not surprising given their long history of adapting to harsh and variable conditions 

(Berkes and Jolly 2002). Some of these adaptive responses are societal changes that have 

implications for food security and household economies. These societal changes include: the 

concentration of sharing networks on fewer hunters and within family units, the local 

commercialization of some country foods, and increased hunting pressure on one species of 

wildlife, muskox, for both subsistence and income. Concentrated sharing networks are a 

response to interacting economic (e.g. higher prices), environmental (e.g. changes to wind, 
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wildlife), and social (e.g. more single-headed households) factors and have variable impacts, 

helping some hunters continue to pursue subsistence activities while also reducing access to 

country food in some instances. Increasing pressure on muskox is a result of environmental 

changes such as the presence of grizzly bears, the availability of other wildlife (caribou), and 

economic changes leading increased community dependency on the species. This is significant 

because, in the context of other changes, increased dependency on muskox may ultimately prove 

unsustainable if they migrate away from the community or if it leads to greater scarcity of 

muskox in the area, similar to a situation that resulted from a concentration on caribou near 

Iqaluit (Ford et al. 2013).  

 The finding that there is increasing tension between the subsistence and wage economies 

is noteworthy. Since before settlement, Inuit earned income from their subsistence activities, 

notably from the sale of furs, and in particular in Ulukhaktok the sale of seal pelts. Inuit were 

essentially paid to engage in subsistence activities and the income derived from the sale of furs 

was often reinvested into hunting equipment. The high costs of hunting and a rise in female-

headed households (Collings et al. 2016), together with the collapse of some fur (seals) and sport 

hunting (polar bear) markets, has increased reliance on other forms of income and has been a 

factor in the commercialization of some country foods. Altogether, this is contributing to further 

tension and integration between wage and subsistence economies, a conceptualization applied by 

Wenzel in other parts of the Canadian Arctic (2013). Integration of these economies has the 

potential to alter sharing networks, the development of local social capital, and human-

environment relations.  

 Ultimately, the findings emphasize that interventions to support adaptation in Ulukhaktok 

need to take into account the tension between the subsistence and wage economies, and the costs 

associated with subsistence under changing conditions and any potential negative implications of 

short-term reactive responses. For example, funding large community hunts may provide 

households with meat in the short-term, but this risks building a dependency on external sources 

of funding to hunt. That said, adaptation interventions need to support hunters’ access to the land 

in the long-term, not only to support food security and sharing networks, but to also provide 

opportunities for knowledge transmission and the generation of knowledge about changing 

conditions, which enables hunters to continue to be flexible within change. Adaptation entry 

points could include, or combine, increased funding for harvesters assistance programs and 
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programs that enhance opportunities for the generation and transmission of environmental 

knowledge and land skills. Continued support for community hunts will also be important, 

however these will need to consider broader conservation goals and economic sustainability. 

Harvest totals and wildlife numbers will need to be monitored to ensure the sustainability of 

species. Ultimately, finding sustainable subsistence-compatible sources of income would be ideal 

and enable hunters to continue to engage in subsistence under changing conditions. 

 

4.6 Conclusion 

This paper applies a longitudinal approach to assessing vulnerability to climate change 

among Inuit in Ulukhaktok over an eleven-year period. The data reveals three main themes 

related to how Inuit in Ulukhaktok are experiencing and adapting to climate change. First, the 

findings demonstrated the dynamism of adaptive pathways, including how different responses 

develop over time to constrain or expand these pathways. The role of converging exposures and 

the synergistic interactions of multiple drivers and responses is especially evident. The summer 

caribou hunt in 2016 illustrated this, with wind, economics, and adaptive responses interacting to 

influence some hunters to travel overland by ATV instead of on the water by boat to hunt 

caribou. Travelling overland by ATV limits the effects of wind on travelling, but can also limit 

how much hunters can haul back to the community, which could have implications for food 

security. Understanding how adaptive pathways develop is key to finding adaptation entry points 

that will expand pathways. For example, adaptation entry points in Ulukhaktok need to support 

food security, but should also focus on opportunities for the transmission and generation of 

environmental knowledge and land skills, which is critical to flexibility in response to changing 

conditions. 

Second, the results show how societal changes are being undertaken as adaptations, 

particularly in response to tension between the subsistence and wage economies and interacting 

environmental changes, and how these societal changes feedback to impact the environment and 

adaptive capacity. Generally, hunting costs more, which limits engagement in subsistence 

activities year-round. This has resulted in some hunters finding alternative sources of income, 

including commercializing some food sources. The tension between the need for income and 

desire to continue to engage in subsistence has potentially adverse consequences for the health of 

some species of wildlife and local food sharing networks. For hunters who have wage 
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employment and are able to afford to hunt, they are often restricted by time constraints, resulting 

in some hunters travelling less, risking travel in what may be considered more dangerous 

conditions, and experiencing less hunting success. Taken together these changes are affecting the 

generation and transmission of environmental knowledge and land skills with implications for 

continued participation in subsistence. The commercialization of country food is also a 

significant ongoing development, and remains taboo among some family groups. These social 

processes provide some hunters with the needed income and time flexibility to actively engage in 

subsistence, and have varying positive and negative socio-economic effects across the 

community.  

Finally, the longitudinal approach enhanced understanding of the interactions between 

climatic and non-climatic factors, and how these interactions and related responses influence 

vulnerability over time. While climate change plays an important role in producing vulnerability, 

socio-economic factors are central to sensitivity, condition some exposure, and are critical to 

adaptive capacity. Of particular importance, taking a longitudinal approach highlights the 

growing tension and integration between the subsistence and wage economies. Adaptation 

initiatives should work to balance this tension between the wage and subsistence economies, 

which is a central driver of vulnerability to climate change and may already be producing 

maladaptive outcomes. 
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CHAPTER 5: DISCUSSION 
 
The findings show that to develop more effective climate change adaptation policy, we 

need a better understanding of how climate change, non-climatic drivers of vulnerability, and 

related responses dynamically interact. For this purpose, it is crucial to also develop a dynamic 

understanding of how the efficacy of adaptation policy will be conditioned by institutional 

(formal and informal), social, cultural, and epistemological contexts and constraints (Pahl-Wostl 

2009; Bennett et al. 2016). This research set out to examine the processes and dynamism of how 

climate change is experienced and responded to by Inuit in Ulukhaktok, NT over an eleven-year 

period using a hybrid cohort-trend LVA.  

Since the original study in 2005, many climatic conditions that were presenting problems 

for hunting and travelling have persisted or progressed. Sensitivity to climate change is largely 

conditioned by dynamic non-climatic factors though, and while Inuit in Ulukhaktok are adapting 

to changing conditions, converging conditions and processes have progressively restricted 

adaptive capacity, and even produced several responses that may constrain adaptive capacity in 

the future. As such, any new formal adaptation initiatives need to be flexible and iterative, and 

designed to help the community continue to address the dynamism of climatic and non-climatic 

factors. 

In addition to these findings, this relatively novel, longitudinal approach produced insights 

on the value of LVA in climate change IAV research. Therefore, it seems most appropriate to 

provide a thematic discussion of key findings. This discussion focuses on four key themes that 

emerged in this research: (i) the development of adaptive pathways in Ulukhaktok, (ii) where 

climate fits relative to non-climatic processes and stressors, (iii) how social and cultural 

processes are being undertaken as adaptive responses, and (iv) the implications of this research 

for developing adaptation policy. 

 

5.1 The Dynamism of Adaptive Pathways 

 Taking a longitudinal approach illuminated the dynamism of adaptive pathways and how 

different adaptive responses interact and develop over time, and how that can enhance or 

constrain future adaptive pathways. The added temporal dimension uncovered how adaptive 

pathways have become partially constrained in Ulukhaktok, and what factors have contributed to 
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this either independently or synergistically. In particular, the role of converging exposures, and 

the synergies and accumulation of multiple drivers, exposures, and responses (e.g. Penn et al. 

2016) are evident in Ulukhaktok. Several key areas that characterize the interconnectedness and 

interactions of exposure-sensitivities and responses include: changing sharing networks, the 

sharp decrease in polar bear sport hunts, the increasing distance required to harvest muskox and 

lower rates of success, rising costs of living and hunting, and increasing pressures on the 

transmission and accumulation of TEK.  

The summer caribou hunt down Prince Albert Sound offers an excellent illustration of the 

dynamism of adaptive pathways. Increasingly consistent and strong winds have made access to 

caribou hunting grounds in Prince Albert Sound more difficult than it has been previously by 

making travel unpredictable due to dangerous wave activity and/or shifting ice conditions. Trips 

are more difficult to time for those who work, and more expensive due to the increasing prices of 

supplies (socio-economic) and what supplies are needed (climatic) to mitigate emerging climatic 

risks. Additionally, access to income has become more difficult due to processes such as 

increasing competition for IHAP and CHAP, or less cash-flow into the local economy via polar 

bear sport hunts. While hunters were starting to alter travel plans or go out more prepared in 

2005 (e.g. extra supplies), some have since purchased larger boats and motors. This proved 

temporarily successful in overcoming larger waves, reducing the risk of being stuck on the land 

and the overall requirements for extra supplies. However, with particularly strong and consistent 

winds the last few summers, several hunters abandoned their boats and elected to travel overland 

by ATV in 2016. When some hunters returned successful, others also elected to travel overland 

or vocalized plans to do so in the future. Travelling overland limits the effect of wind and waves, 

and the need for as many supplies. ATVs also use much less fuel than boats. Although ATVs 

also have a reduced hauling capacity, which may start to influence sharing networks and country 

food availability, and will likely require stocking gas barrels on the land during winter months. 

While these convergences and interactions can be complex, beginning to understand the 

connections and interactions between various climatic and non-climatic factors and processes in 

Ulukhaktok is critical; adaptation policy needs to support flexibility along and expand adaptive 

pathways, attempting to address key non-climatic factors that underpin various adaptations such 

as the transfer and accumulation of TEK or harvesters assistance programs (more in section 5.4). 
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 Another key theme related to adaptive pathways in Ulukhaktok is how adaptive and 

social learning processes are undertaken and who is crucial to these processes and key to 

adaptive responses throughout the community. In 2005, hunters were largely participating in 

single-loop social learning, making incremental alterations to their routines. This included 

adaptive strategies such as taking greater pre-trip precautions (Pearce et al. 2010). They were 

also undertaking some double-loop learning, beginning to reframe the problem and their 

responses, such as switching from caribou to muskox as the dominant subsistence source (Pearce 

et al. 2010). In 2016, single-loop responses continue, as do some double-loop responses (e.g. 

switching to ATV for the caribou hunt). However, some community members are engaging in 

what could be considered triple-loop responses, which involve changes to the dominant 

structural context (Pahl-Wostl 2009). The commercialization of country food and shifting 

sharing networks (including the inclusion of monetary resources) can be interpreted in this way.  

Furthermore, in the vein of learning processes, this research also found that past 

exposure-sensitivities can have both positive and negative effects on adaptive capacity, similar to 

findings from other IAV research (Ford et al. 2013; Archer et al. 2017). On one hand, hunters in 

Ulukhaktok observed that experience with changes has led to greater preparation and an overall 

decrease in severe exposures to dangerous conditions. On the other hand, it is evident that certain 

exposure-sensitivities are creating a ‘ratchet effect’ (Chambers 1989; Ford et al. 2013); the 

shrinking number of full-time hunters due to socio-economic and time constraints, and the 

increased pooling of resources in sharing networks, has led to less hunting time for many in the 

community which has implications for the accumulation and transfer of TEK, and therefore the 

ability to safely travel or travel as far in more variable conditions. These types of interactions 

between climatic and non-climatic conditions may limit future adaptive pathways in the context 

of subsistence hunting.   

 

5.2 Where Does Climate Fit? 

 The longitudinal approach and use of multiple data sources generated a better 

understanding of how non-climatic processes interact with climatic and other non-climatic 

factors to produce sensitivity and constrain adaptive capacity. In Ulukhaktok, the increasing 

tension between the social-subsistence and market economies – what Wenzel (2013) 

conceptualizes as discrete entities in Inuit mixed-economies over the last half century – is a 
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consistent theme that dictates how climate change is experienced and responded to in the 

community. Key to this tension are rising costs and how increasingly problematic environmental 

conditions synergize with the dynamic socio-economic environment. For example, increasing 

commodity prices, increasing distances to access wildlife, and lower hunting success rates have 

converged with poor or uncertain conditions, such as increasing summer winds, to raise the costs 

of hunts further. Consequently, some hunters are limited by the increasing time required to hunt 

due to employment commitments, others are unable to afford the increasing costs of hunting or 

risk unsuccessful trips, and certain hunters do not have the skills, knowledge, and experience to 

travel in uncertain conditions, especially in less familiar or more distant areas. Beyond this, the 

political economy of climate change and environmental politics have also had a notable effect on 

vulnerability and adaptation in Ulukhaktok. Income-earning opportunities via traditional 

activities have progressively dissipated with the latest example being the polar bear sport hunt 

(Wenzel 1991; Ford et al. 2013; Wenzel 2013). Similar to non-Arctic contexts (McCubbin et al. 

2015), other Arctic research (Clark et al. 2016b; Archer et al. 2017) and building on key findings 

from 2005 (Pearce et al. 2010), it is evident that while climate change is an important factor in 

producing vulnerability, socio-economics are central to sensitivity, condition some exposure, and 

are critical to adaptive capacity. The synergy of climatic and non-climatic processes is a 

consistent theme across both space and time (e.g. Ford et al. 2013; McCubbin et al. 2015; Loring 

et al. 2016), and the outcomes are more often experienced through the emergence or 

magnification of non-climatic conditions. Therefore, adaptation pathways in Ulukhaktok need to 

address the key non-climatic issues that are central to vulnerability and adaptation in the 

community in order maintain flexibility in response to a changing environment. Of particular 

importance is the growing temporal and financial tension between the subsistence and wage 

economies. 

 

5.3 Social Change as Adaptation 

 Congruent with other research conducted in Ulukhaktok (Collings et al. 2016; Parker 

2016), social changes are occurring as adaptive responses to the interactions between non-

climatic and climatic conditions. In particular, changes to sharing networks and the 

commercialization of country food have taken place since 2005. This relates to findings from 

Ikpiarjuk (Arctic Bay) where there has been a growing inclusion of financial capital in sharing 
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networks (Ford et al. 2006b; Archer et al. 2017), and Igloolik where there was a shrinking 

number of full-time hunters and a general pooling of resources in family units in 2004 (Ford et 

al. 2006a). In Ulukhaktok, sharing networks are becoming more restricted and include a greater 

pooling of resources in order to allow full-time hunters to meet the increasing costs of equipment 

and supplies requirements for subsistence activities. Additionally, the open commercialization of 

country foods is a major development, and remains a cultural taboo for some families in the 

community. These social processes represent responses to socio-economic changes that interact 

with climatic changes that make it more expensive and difficult to time hunts, and that have 

simultaneously increased the demand for country food. Because of these dynamic converging 

pressures, the tension on ‘disembedded economic activities’ (Wenzel 2013, 191) required to 

acquire money for subsistence is increasing, and the lines that typically separated the subsistence 

and wage economies are being blurred. What specific implications this will have are unclear with 

further research needed.   

Understanding how changes to sharing networks and the country food economy have 

evolved over time provides insights on the drivers of vulnerability, specifically the socio-

economic drivers through which climate change is experienced. Furthermore, the connections 

with other processes, such as the ongoing restriction of transmission and accumulation of 

environmental skills and knowledge, allow for initiatives that can address the key drivers of 

exposure-sensitivity and constraints of adaptive capacity simultaneously.  

 

5.4 Key Pathways to Adaptation 

 Climate change adaptation literature recognizes that policy needs to address multiple 

exposures simultaneously by focusing on the constraints and barriers to adaptation, which are 

often social and financial in nature (Pearce et al. 2010; Hoover et al. 2013; McCubbin et al. 

2015; Bennett et al. 2016; Clark et al. 2016b). In doing so, adaptation policy needs to be directed 

by the social environment, informal and formal institutions at various scales, and the ‘community 

work’ that is already being undertaken to deal with exposure-sensitivities (Pelling et al. 2008; 

Pahl-Wostl 2009; Loring et al. 2016). Recognizing this, there are several key pathways to 

adaptation in the case of subsistence hunting in Ulukhaktok. 

 Expanding the flexibility of hunters is a key entry point to adaptation in Ulukhaktok. A 

large aspect of this is financial, be it actual access to finances or policies that help Ulukhaktomiut 
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better meet the rising costs of living and hunting. Specifically, the focus of adaptation initiatives 

needs to be on lessening tensions between the subsistence and wage economies. Many 

community members noted the importance of IHAP and CHAP in facilitating their continued 

hunting or better preparation for the conditions that they may be exposed to while travelling. 

Because funding for these programs has remained relatively stable over at least the last seven 

years (e.g. ~$24,000 through IHAP for the community), enhancing program funding represents a 

feasible entry point to support adaptation. Doing so will increase the ability of community 

members to access the land and participate in subsistence activities, as well as their ability to 

adequately prepare for environmental conditions. This type of funding could also reduce the 

growing dependency on fewer full-time hunters, and expand the capacity of hunters to focus on a 

greater variety of species without as much concern for the income potential of the species that 

they are hunting. 

 Flexibility is not entirely financial in nature though. Adaptive capacity and flexibility are 

highly dependent on Inuit knowledge of and experience with the environment, as well as related 

land skills (Berkes and Jolly 2002; Ford et al. 2006a; Pearce et al. 2015b; Archer et al. 2017). In 

Ulukhaktok, the transfer and accumulation of TEK is becoming increasingly constrained due to 

converging non-climatic processes. Thus, there is a need to increase opportunities for TEK to be 

accumulated and transmitted. Increasing safe exposure to changing conditions is crucial and will 

lead to increases in the experience, skills, and knowledge needed to respond and feel comfortable 

continuing to engage with a rapidly changing environment. Addressing this will enable 

individuals to dynamically accumulate new knowledge moving forward. Adaptation entry points 

include increasing the current ‘on the land’ or ‘young hunters’ programs in Ulukhaktok, 

potentially integrating these with other adaptation entry points such as community hunts, or even 

pairing more experienced hunters together with younger hunters through harvesters assistance 

programs. Regardless of the specific approach, it is important to recognize that adaptation policy 

needs to address the importance of both finances and TEK to flexibility simultaneously; access to 

finances is necessary to continuously practice skills on the land and accumulate or transfer 

knowledge, whereas TEK can magnify or constrain the flexibility provided by income.  

 Another key entry point for adaptation is at the tension between the subsistence economy 

and the wage economy. This may include supporting adaptation initiatives that contribute to 

continued access to country foods and the upkeep of sharing networks, such as sustainable 
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community hunts.  Numerous community members observed that community hunts are valuable 

in increasing their access to country food and contributing to social capital in the community. 

Policy must go beyond increasing access to food alone though, and begin to address the 

decreasing streams through which food is accessed. As Hoover and others (2013) observe, 

current adaptation initiatives largely focus on subsidizing store food or funding community 

hunts, but the increasing costs of regular subsistence activities continue to fall on individuals. 

Addressing the costs of subsistence that create tension between these economies would increase 

flexibility, potentially benefit the transfer and accumulation of TEK, and support the 

maintenance of food sharing networks that have acted as sources of Inuit adaptive capacity for 

centuries. 
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CHAPTER 6: CONCLUSION 
 

This research examines the dynamism of climate change vulnerability and adaptation in 

Ulukhaktok, NT over an eleven-year period through a longitudinal vulnerability assessment. This 

involved: (1) the methodological advancement of climate change vulnerability research through 

the development of longitudinal approaches; (2) the documentation of current exposure-

sensitivities and adaptive strategies employed by Inuit subsistence hunters in 2016; and (3) a 

comparative analysis of findings from 2005 and 2016 with multiple other longitudinal datasets in 

order to understand the dynamic processes and synergistic interactions that have aided or 

constrained adaptation. In the following six sections, this chapter summarizes the findings, 

contributions, and limitations of this research, and suggests several opportunities for future 

research. These six sections include: a summary of key findings, methodological, empirical, and 

practical contributions, limitations, and opportunities for future research. 

 

6.1 Summary of Key Findings 

The findings of this research can be summarized in five key messages as follows: 

1) Many of the climatic conditions that were identified as being problematic in 2005 
have persisted or progressed, limiting travel and hunting opportunities. 

The results of this research indicate at minimum a persistence of many of the climatic 

conditions that were identified as problematic in 2005. In some cases conditions have 

progressed, further limiting travel and hunting opportunities by either directly restricting them or 

because past exposures have led hunters to be more precautious regarding what are considered 

safe travel conditions. This progression is also influencing some hunters to engage in double-

loop social learning processes to reimagine how they engage in certain hunts or travel to specific 

areas. In particular, progressively declining sea ice conditions, and stronger and more consistent 

summer winds are becoming problematic for travel during those seasons.   

2) Exposure-sensitivity to changing climatic conditions is largely conditioned by non-
climatic factors and processes operating at various governance, spatial, and 
temporal scales, which then synergize with environmental conditions and human 
responses. 

While climatic conditions are important in producing exposure-sensitivities, how community 

members are experiencing and responding to these is largely the product of non-climatic 
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conditions and processes. These can sometimes bolster adaptive capacity and limit sensitivity, 

but more often result in a mix of positive and negative outcomes (e.g. sharing network changes, 

technological uptake) or even lead to greater sensitivity and constraints to adaptive capacity. The 

increasing costs of hunting – due to constant convergences between increasing commodity prices 

and the increasing distance and supply requirements of hunts – are of particular importance. 

Because of this, other changes, such as lower rates of successful hunts, become more difficult to 

manage. Therefore, while many hunters noted changes in the climate and environment, they were 

more concerned with non-climatic conditions such the costs of hunting and how these costs 

limited their ability to properly prepare for environmental conditions.  

3) Similar to 2005, Inuit in Ulukhaktok are showing tremendous agency in adapting to 
climatic conditions.  

Throughout history Inuit have shown incredible agency in responding to a harsh and variable 

environment (Berkes and Jolly 2002). In 2016, how Inuit in Ulukhaktok are responding to rapid 

climatic changes is a testament to this ongoing agency. Hunters are more prepared for variable 

conditions, some have equipped themselves to be flexible via multiple methods of transportation, 

and many use their knowledge of and experience with the environment to enable adaptive 

responses. Furthermore, many community members have shown ingenuity, skill, and resilience 

in how they find the income necessary to participate in the subsistence economy in some way, be 

it directly or through sharing networks.  

4) The continuous convergences and interactions between climatic and non-climatic 
processes and responses have progressively restricted the ability of some individuals 
or groups to adapt, have led several past adaptations to constrain adaptive capacity, 
and may be producing other similar constraining trends. 

Due to the continuous convergences and interactions between climatic and non-climatic 

processes, as well as local responses, the ability of some individuals and groups is being 

progressively restricted and several adaptations may be producing trends that constrain adaptive 

capacity in the future. The potential unsustainability of the community’s reliance on muskox for 

subsistence and income is an excellent example of how the synergy between processes may 

produce unsustainable ends. Beyond this, the scarcity of country foods in sharing networks and 

increased focus on more exclusive family units represents another great illustration. In particular, 

the concentration of resources to keep fewer hunters active full-time has major implications for 

the transmission and accumulation of TEK, potentially limiting adaptive capacity in the future. 
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Furthermore, it increases the dependency of families and the community on a few streams of 

country food. Key adaptation entry points need to address the conditions that are drivers of these 

convergences, particularly those that constrain adaptation in multiple ways. 

5) Adaptation initiatives need to support flexibility and opportunity across adaptive 
pathways. These should focus on the tension between the social-subsistence 
economies and the wage economy, and the impacts of this on sharing networks and 
TEK. 

This research concludes that key entry points to adaptation will be more effective if they 

address the non-climatic processes that are central to creating constraints to adaptive capacity 

and limiting adaptive pathways. This recommendation is primarily directed at the tension 

between the social-subsistence economies and the wage economy, particularly the challenges of 

accessing income in a method that is compatible with the time requirements of subsistence 

activities. A few entry points include expanding harvesters assistance programs and programs 

that focus on the transmission and accumulation of environmental knowledge, skills, and 

experience among younger generations. Doing so will have an impact on various key processes 

that are constraining adaptive capacity, and will be more effective in addressing the dynamic 

nature of exposure-sensitivities by widening adaptive pathways and building flexible adaptive 

capacity in the short- and long-term. 

 

6.2 Methodological Contributions 

 Most climate change vulnerability assessments have been conducted from a static system 

perspective (Ford and Pearce 2012). Because social-ecological systems are dynamic, this thesis 

examines vulnerability to climate change from a longitudinal perspective. Chapter three develops 

and describes the application of two longitudinal approaches, cohort and trend studies, in climate 

change vulnerability assessment. Chapter four then applies a hybrid cohort-trend approach to 

vulnerability assessment in a case study of Ulukhaktok, an Inuit settlement located in the western 

Canadian Arctic. This cohort-trend approach is similar to a re-study and employs a consistent 

conceptual framework and data collection tools (semi-structured interviews, participant 

observation, analysis of secondary sources) of another vulnerability assessment in the same 

location but at a different period in time. This approach advances conventional vulnerability 

assessments by examining changes between two specific points in time, including how 

conditions interact to increase or decrease exposure-sensitivity and affect adaptation over time. 
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In particular, the use of data and findings from a previous study provided a defined temporal unit 

within which to work and a baseline from which to examine change. The premise of the second 

study was also different than the first; the 2016 study took up its focus from where the 2005 

study ended, making it more focused. This affected how the sample was selected and analysis 

undertaken, and allowed for specific longitudinal data to be targeted and drawn upon. So, while 

this approach remains imperfect (see section 6.5), and there is room for further methodological 

development of longitudinal approaches to climate change vulnerability research, the 

development and application of one of these approaches in this thesis represents a 

methodological contribution to IAV literature, and to vulnerability scholarship more broadly. 

 

6.3 Empirical Contributions 

 Empirical contributions of this research include building on and updating existing case 

study data (Pearce et al. 2010) on community vulnerability and adaptation to climate change in 

an Arctic context. Specifically, this research presents an updated case study of vulnerability and 

adaptation to climate change in the context of subsistence activities in Ulukhaktok. It also draws 

on data from 2005 and other longitudinal datasets to illuminate the dynamism of vulnerability 

and adaptation, particularly how multiple climatic and non-climatic drivers and adaptive 

responses interact and develop over time. From this, a better understanding of the role of non-

climatic factors (e.g. socio-economic processes, changes to the subsistence economy, political 

processes) is gleaned, including how these factors have developed and interacted with 

environmental changes to create exposure-sensitivities and constrain adaptive capacity. The 

evolution of muskox hunting (e.g. increasing distance) and the role of muskox (e.g. increasingly 

relied on as a source of income and subsistence) in the community since 2005 is an excellent 

illustration of this dynamism. Beyond Ulukhaktok, this research also makes an empirical 

contribution to broader bodies of scholarship, contributing to a growing literature focused on 

LVAs (Ford et al. 2013; Archer et al. 2017), past vulnerability research done in the Arctic and 

globally (e.g Ford et al. 2006a,b; Pearce et al. 2010; Prno et al. 2011; Andrachuk and Smit 2012; 

McCubbin et al. 2015; Clark et al. 2016b; Parker 2016), anthropological research on sharing 

networks and food security (Collings 2011; Collings et al. 2016), and additional related projects 

on the economics of subsistence in Ulukhaktok (Hoover et al. in preparation) and the effects of 

the USFWS polar bear ban in Ulukhaktok (Pearce et al. in preparation). 
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6.4 Practical Contributions 

In addition to methodological and empirical contributions, this research has made 

practical contributions on the local level, and has the potential for further practical application. 

Already, this research has contributed on a local scale through community-researcher 

collaboration, particularly the employment of local research partners. Furthermore, by taking a 

longitudinal approach to understanding how Ulukhaktomiut are experiencing and responding to 

climate change over an eleven-year period, this research begins to meet the need for more 

dynamic understandings of climate change vulnerability and adaptation, both in the Arctic and 

globally. Thereby, this research has the potential to increase the efficacy of institutional 

adaptation interventions in the community (Barnett and O’Neill 2010; Bennett et al. 2016; 

Kelman et al. 2016). By documenting and disseminating knowledge on how Inuit in Ulukhaktok 

are experiencing and responding to climate change, this research can contribute to key adaptation 

entry points that are relevant, feasible, and will simultaneously address multiple constraints to 

adaptation. Specifically, key entry points need to address the growing tension between the 

subsistence and wage economies, and externalities of this tension including greater challenges to 

the transmission and accumulation of environmental knowledge and land skills. Several 

suggestions herein include increasing current harvester assistance programs and programs that 

focus on the transmission and accumulation of TEK. 

 

6.5 Limitations 

 While this research has made every attempt to address key limitations, there are several 

outstanding limitations that must be acknowledged. As with any longitudinal research, the 

attrition of participants from the original cohort – due to individuals moving, passing away, or 

losing interest in participation – was a challenge that limited the nuance and depth that could be 

achieved. However, this also provided an opportunity to engage additional voices, including 

some hunters who did not have an opportunity to participate in 2005. Focusing on the thematic 

development of change, rather than change at the individual level, also offset this limitation 

within the scope of the approach.  

The period between the studies also presented a challenge, similar to that encountered by 

Archer and others (2017) in their cohort-trend hybrid LVA in Ikpiarjuk. While the inclusion of 
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multiple longitudinal datasets did begin to offset this limitation, the nuances of what happened 

between 2005 and 2016 were difficult to fully tease out. Detailed information between the 

studies is critical to completely understand the influence that extremes, rates of change, seasonal 

rhythms, and key points in various processes or along adaptive pathways have on exposure-

sensitivity and adaptive capacity both generally and on smaller time scales. As such, while this 

research has the capacity to speak to the dynamism of broad themes in depth, it is unable to go 

into specific detail on some processes such as social learning – it is too difficult to uncover the 

nuances of such processes without consistent monitoring.  

 The logistics and realities of longitudinal research also present limitations. As noted by 

Fawcett and others (2017), LVA will always face financial, time, and human resource 

constraints. In particular, the time-consuming nature of LVAs can create issues of subjectivity 

due to researcher turnover. Thus, how one researcher interprets results and their relationship with 

the community will be different from the interpretation of results and relationship with the 

community of another. This was true here, as different researchers undertook data collection and 

analysis. To account for this, the same methodological approach and methods were used. The 

original researcher was also involved in designing and directing fieldwork, facilitating key 

relationships in the community, and analyzing the results for the 2016 case study. 

 

6.6 Opportunities for Future Research 

The limitations of this study provide a good starting point for future research 

opportunities. Continuing to track thematic development across larger portions of time will be a 

useful endeavor moving forward. There is also potential for future research in Ulukhaktok to 

take more nuanced approaches (e.g. through research weighted towards a specific cohort) in 

order to better understand the specific development of exposure-sensitivities and adaptive 

pathways. For example, how key events, different seasons, and rhythms of life impact the 

dynamism of vulnerability and adaptation across smaller time scales and at the household-level 

would be valuable. Such research could focus on how sharing networks are changing due to 

multiple stressors, how climate change is magnified within this context, or even how sharing 

networks could be affected by the commercialization of country food and community hunts 

moving forward. Alternatively, research on processes of social learning, and what factors aid or 

constrain learning processes at the individual or community level would have practical benefit to 
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adaptation policy. A cohort study similar to that undertaken by Ford and others in Iqaluit (2013) 

using GPS monitoring and consistent bi-weekly interviews to track the development of specific 

exposures would also represent an excellent opportunity to increase our understanding of 

vulnerability, adaptation, and learning processes. Ultimately, achieving more detailed 

understandings of these dynamic processes will allow for adaptation policy to be more effective 

in the future. 

Beyond research focusing on Ulukhaktok, there is also need for further methodological 

development and application of the longitudinal approaches proposed here. To date, there have 

only been three applications of LVAs, and all have been undertaken in the Arctic context (Ford 

et al. 2013; Archer et al. 2013; Fawcett et al. in review). There is an identified need for new 

approaches in climate change IAV research to understand the dynamics of climatic risk and 

adaptation processes, particularly the importance of socio-economic and spatial factors (Bennett 

et al. 2016; McDowell et al. 2016; Jurgilevich et al. 2017). Further methodological development 

and application of LVA in both the Arctic and global contexts provides a good opportunity to 

meet both of these gaps simultaneously. 
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APPENDIX I: ETHICS APPROVAL (UNIVERSITY OF GUELPH RESEARCH ETHICS 
BOARD) 
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APPENDIX II: AURORA RESEARCH INSTITUTE SCIENTIFIC RESEARCH LICENSE 
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APPENDIX III: INTERVIEW CONSENT FORM 
 
 

 
 

Interview Consent Form 
 

Inuit Vulnerability and Adaptation to Climate Change 
 
The purpose of this letter is to provide you with the information that you need to make an informed 
decision on participating in this research. The goals of this research are to update our understanding of 
what affects hunting activities, and how the community is affected by climate change and how it is 
adapting. The results of this research will be compared to the results of similar research done by Dr. 
Tristan Pearce in 2005. This project is funded by the Social Sciences and Humanities Research Council 
and ArcticNet, a Network of Centres of Excellence of Canada that is funded by the Natural Sciences and 
Engineering Research Council of Canada (http://www.arcticnet.ulaval.ca). It is being done in cooperation 
with the Ulukhaktok Community Corporation, Ulukhaktok Hunters and Trappers Committee, and 
Ulukhaktok Youth Council. 
 
Research Team: 

• David Fawcett, MA Candidate, Department of Geography, University of Guelph 
[fawcettd@uoguelph.ca]  

• Dr. Tristan Pearce, Adjunct Faculty, Department of Geography, University of Guelph 
[tpearce@uoguelph.ca]  

 
Participation: 
You are being recruited to participate in this research because of your knowledge and experience of the 
community and the land. If you choose to participate in this research we (David Fawcett, Dr. Tristan Pearce) 
will meet at your house where we will ask you questions about changes in Ulukhaktok or to the land (for 
example, have you seen any changes? Does this affect you? How did/do you deal with this problem? Have 
you developed new skills and strategies in the last 10 years?) and characteristics of your household (for 
example how many people live in your house, sources of income and food, how often you go out on the land 
and hunt). It is expected that the questions will take about 60 minutes. 
 
You are not required to participate in this study or to take part in the entire interview. At the end of the 
interview we will ask if you have any other information to add, or if you wish to withdraw your 
information. If you have already finished the interview, and you change your mind about participating, 
you can contact the researcher and ask to have your information removed. Participation in this study is 
voluntary. You have the right to refuse to answer any questions or withdraw from the study at any time 
with no consequences.  
 
You can conduct the interview in English, Inuinnaqtun or Inuvialuktun. The interpreter will be (someone 
from the community) and will have signed a confidentiality agreement to ensure that your information is 
kept confidential unless you give permission to share it. You have the right to decline the interpreter 
and/or request a different interpreter from the community. If you ask for a different interpreter, they will 
be chosen between the research team and yourself from a list of people provided by the UCC. 
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Also, you have the option to have the interview audio recorded or transcribed in writing depending on 
your preference. You also have the option of having your interview stored in the community as an audio 
recording or as an interview transcript with all personal identifiers removed (your name for example).  
 
Finally, because of the size of Ulukhaktok, if the interview is taking place at your house there is a chance 
that others in the community may know that you have participated or are connected to this study. 
 
Risk of harm: 
While answering some of the questions you may feel sad or upset. If this happens please tell the 
interviewer and they will discuss these feelings with you or provide you with a contact at the Ulukhaktok 
Health Centre if you would like counseling.  
 
In the unlikely case of data privacy being breached or released, there may be risk that others in the 
community may disagree with your opinions on certain questions. To avoid this risk, it is best to share 
only what you would feel comfortable sharing in a public setting. 
 
Foreseeable benefits: 
Your contribution to this research is important because it will help the research team to understand what 
affects how the community experiences and adapts to climate change, and how these are changing over 
time. By sharing the findings of this research it is hoped that what Ulukhaktok deems most important to 
adapting to climate change will be addressed by government and community policies. 
 
Privacy: 
If you choose to keep your identity confidential, all personal identifiers (your name for example) will be 
removed from the data and replaced with a code (letters and numbers). This will connect to a master list 
separate from the information you provide in the interview. All data, including confidential information in 
the master list, will only be accessed by the research team members: David Fawcett, Dr. Tristan Pearce 
and the community research assistant. If you want to remain confidential, the master list of confidential 
personal identifiers will be stored on David Fawcett’s encrypted computer and encrypted external hard-
drive in the short term and erased at the end of the project (April 2017). Interview data (voice recordings 
or interview transcripts, and personal identifiers you don’t want kept confidential) will be stored on David 
Fawcett’s encrypted computer and encrypted external hard-drive in the short term and on Dr. Tristan 
Pearce’s external hard-drive in the long-term (5 years). These computers and external hard-drives are 
locked and encrypted to make sure that all data remains secure. 
 
Note that audio recordings or interview transcripts will be stored in Ulukhaktok long-term as well. If you 
are recorded, your voice will be identifiable by others in the community. If you wish to be recorded, but 
not have audio recordings stored in the community, an interview transcript without identifiers will be 
stored instead. 
 
Confidentiality: 
The research team will keep your identity confidential, and will not connect it to anything you say unless 
you give permission to do so. Your identity will remain confidential to the extent allowed by law. The 
researcher has a duty to report to authorities any information about a child at risk of abuse. The researcher 
may be required by government or a court to release information gathered during this project.  
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Sharing of Research Findings: 
Research findings will be shared in the community through a plain-language summary report, community 
presentation, and on the local radio. You will receive a copy of the plain-language summary report. The 
findings will also be prepared as a manuscript and submitted to a peer-review journal. Aggregate data 
(overall key themes and findings) will be reported in research findings. However, some direct quotations 
may also be used to highlight key points. Your own direct quotations will only be used if you give 
permission to use them. If one of your direct quotations is used, names or other information that may 
identify you will only be included if you give consent to use your name in connection with the 
information you provide. 
 
Incentive: 
At the end of the interview you will receive a $20 gift certificate for the Quick Stop/Gas Station. 
 
Contact Information: 
Please feel free to contact David Fawcett [fawcettd@uoguelph.ca] or Tristan Pearce [tpearce@uoguelph.ca] 
with any questions you might have about the project.   
 
 
 
This project has been reviewed by the Research Ethics Board for compliance with federal guidelines for 
research involving human participants. If you have any questions regarding your rights and welfare as a 
research participant in this study (REB #16MR034), please contact: Director, Research Ethics; University 
of Guelph; reb@uoguelph.ca; 519-824-4120 ext. 56606. You do not waive any legal rights by agreeing to 
take part in this study. 
 
You can also address any questions about ethical concerns and your rights as a research participant to Nicole 
Hammer, Licensing Coordinator, Aurora Research Institute, Inuvik niccolehammer@auroracollege.nt.ca Tel: 
867-777-3298 
________________________________________________________________________________ 
 
Your rights: I have been fully informed of the goals of the project being conducted. I understand these 
objectives and consent to participating in an interview for the project. I understand that steps will be 
undertaken to ensure that my information will remain confidential unless I consent to being identified. I also 
understand that if I wish to withdraw from the study, I may do so without any consequences. Finally, I 
understand that I do not waive any legal rights by agreeing to take part in this study. 
 
 
            You may use my name in connection with this project  
 
 

 
I do not want my name associated with any of the information I provide during this project  
 

 
	
														I give permission for audio recording 
	
											
														I give permission for a copy of the audio recording to be left securely in the community 
 
 

OR 
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														I give permission for direct quotations that I give to be used in publications/research findings 
 
 
The research team is going to use the key themes and results from the 2005 study to compare them with the 
key themes and results of this study. If you participated in the 2005 study, we would also like to use specific 
responses from the 2005 study to compare to your responses in this study. In order to do this, we need your 
permission. 
 

You may use and compare my information from the 2005 study with my information from this 
project 

 
 
             I do not want my information from the 2005 study used for this project 
 
 
 
As a part of this study, the research team may seek to re-contact and/or re-visit you in order to review and 
clarify responses. The researcher (David Fawcett) will also return at some point next winter to meet with 
participants to go through interpretations of the responses, and the research findings. If you wish to be a 
part of this process, we need your permission to re-contact and/or re-visit you. 
	

I give permission to be re-contacted and/or re-visited by the research team in order to review and 
clarify my interview data, and to go over the results of the study 

 
NAME (please print): ______________________________         
	
	
Signature: ________________________________                Date: ________________ 
	
	
	
NAME (please print): ______________________________         
	
	
Signature of witness: ____________________________        Date: ________________ 
 

OR 
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APPENDIX IV: ENGLISH INTERVIEW GUIDE 
 
Hunting under changing conditions in Ulukhaktok, NT 
Plain Language Research Question/Topic Introduction: I am interested in hunting and what you 
can tell me about hunting, fishing, audlaking, what you have been hunting, where you have been 
going, how things have been going, what the conditions have been like, what challenges you 
face, if these have been changing or becoming more difficult, and what you have been able to do 
or what helps you to continue.  
 
Notes: [describe the setting, time of day, location, present, and context of discussion] 
 
 
Inventory #1: Socio-Demographic Interview 
 

ID# 
Interview # 
Name (if consent given) (Inuinnaqtun 
name if offered) 

 

 

Gender  

Age 
 

 

Education Level  

Livelihood Activities 
 
 

 

Household characteristics (rent or 
own, how much per month, household 
size and makeup – who lives in the 
house, list names) 
 

 

How long have you lived here? 
Before? Plan on staying? 
 

 

# of operating snowmobiles  

# of operating boats with kickers 
 

 

# of operating ATVs (Hondas) 
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Inventory #2: Semi-Structured Interview & Free-listing 
 
General Questions to ask (whenever fits): 

1. Do you get out as much as you want? If you haven’t been able to get out, why? What 
makes it difficult to get out? What did you do? Where did you get country food? 

2. If you get lucky when you’re out, who have you been distributing meat to? Who 
distributes meat to you? 

3. Do you run into any problems when you’re out on the land? 
4. Do you think people are prepared when they go out? Are young people prepared? Why? 
5. How do you think increasing cruise ships will affect the community? 

 
*Questions about subsistence harvesting based on the seasonal cycle: 
 
Spring 

1. How has your spring hunting and fishing been? 
2. Where did you go? 
3. What did you get? 

 
Free-list: what are the best conditions for hunting ducks? Spring fishing? 
 

4. Have you been getting these conditions? If not, what have the conditions been like? Is 
this different from other years? How do these changed conditions affect you?  

a. Have you been getting conditions that make it more difficult to get out, or that 
affect you when you are out audlaking? 

5. How are you dealing with this? Is it working? 
a. Is there anything making it easier / more difficult for you?  

  
Winter 

1. How was your winter? 
2. Where did you go? 
3. What did you get? 

 
Free-list: what are good ice conditions for audlaking?  
 

4. Have you been getting these conditions? If not, what have the conditions been like? Is 
this different from other years? How do these changed conditions affect you?  

a. Have you been getting conditions that make it more difficult to get out, or that 
affect you when you are out audlaking? 

5. How are you dealing with this? Is it working? 
a. Is there anything making it easier / more difficult for you?  

 
Autumn 

1. How was your autumn hunting? 
2. Where did you go? (Fish Lake? Caribou?) 
3. What did you get? 
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Free-list: what are the best conditions for audlaking in autumn time?  
 

4. Have you been getting these conditions? If not, what have the conditions been like? Is 
this different from other years? How do these changed conditions affect you?  

a. Have you been getting conditions that make it more difficult to get out, or that 
affect you when you are out audlaking? 

5. How are you dealing with this? Is it working? 
a. Is there anything making it easier / more difficult for you?  

 
Summer 

1. How was the fishing last summer? Did you go for caribou? 
2. Where did you set your nets? Where did you go? 
3. What did you get? 

 
Free-list: what are the best conditions for summer fishing? For hunting caribou? 
 

4. Have you been getting these conditions? If not, what have the conditions been like? Is 
this different from other years? How do these changed conditions affect you?  

a. Have you been getting conditions that make it more difficult to get out, or that 
affect you when you are out audlaking? 

5. How are you dealing with this? Is it working? 
a. Is there anything making it easier / more difficult for you?  

 
Supplement #1: Questions about Pre-Trip Audlak Information, Preparation, and Rescue 
 

1. Where do you get your information before audlaking?  
2. Do you talk to anyone before you audlak?  
3. Where do you get you weather, sea ice, and wind information? 
4. Do you take a radio or sat phone? Do you take a GPS? 

a. When do you use it? 
5. Have you ever gotten in trouble on the land? 

a. What happened? What did you do? 
b. Would you do anything differently next time? 

 
Supplement #2: Seals and Whales  
 

1. How were the seals this year? Did you get any? How many? Where? What about the 
years before that? 

a. What affected your ability to get seals this year? The last few years? 
2. Do you think (beluga) whales will come back this year? 

a. Are you ready if they do?  
 
Supplement #3: Guides for Polar Bear Sport Hunts 

1. Can you tell me about a polar bear sport hunt you guided? 
a. What year was that? How many hunts did you guide in a year? For how many 

years? 
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2. What was the pay for guiding? Did you have to buy gas and supplies with that? 
3. What year was the last hunt you guided? 
4. Did you guide any hunts this past year? If not, how come?  
5. Do you keep dogs? If no, how come? If yes, how come? 
6. How did fewer hunters coming to hunt polar bear affect you and your family? 
7. Do you do anything differently now to make the income that you would have from 

guiding polar bear hunts? What made this easier/more difficult? 
 
 

Additional notes and observations 
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APPENDIX V: INUINNAQTUN INTERVIEW GUIDE 
 
Semi-Structured Interview & Free-listing 
 
Opingnahak 

4. Ukiukmi, anguvaktutit qanogitpa? Ikalukhiuk paktutitlu? 
5. Aulaakganat, humut aulaakpuktutit? 
6. Hunumik anguvakpakpit? 

 
 
Free-list: Tingmiakhukkangat, hila qanokituhaut? Ikalukhiaktunilu? Aulaakpaktutit 
aulaakgmangnakhikput? Aulaaknitgavit ayoknakhivaktok qanok? 
 

6. Hila, hikulu, namakgaluaktuk aulaakganat? Nagungitmat qanokgitpaktuk? 
a. Allagnoktuk ipaat ukiumik? Qanok allakpakpit taimaaganat? 

7. Qanok illitoknahovgitaat taimialuganat? Naunualiktok? 
a. Hila tiamiliuganat ayoknakhikpaktok? 

8. Angoganat, kinamut payoktakpakpit? 
 
  
Ukiuk 

6. Qanogitpaa ukiuk? 
7. Humut allakpakpit? 
8. Hunamik angovakpakpit? 
 

Free-list: allakganat, hiku kanogituhaut?  
 

4. Hila, hikulu, namakgaluaktuk aulaakganat? Nagungitmat qanokgitpaktuk? 
a. Allagnoktuk ipaat ukiumik? Qanok allakpakpit taimaaganat? 

5. Qanok illitoknahovgitaat taimialuganat? Naunualiktok? 
a. Hila tiamiliuganat ayoknakhikpaktok? 

 
 
Ukiukhak 

6. Qanokgitpa ukiukhak aullaktutit? 
7. Humut allakpakpit? 
8. Hunamik angovakpakpit? 

 
Free-list: hila, hikulu, nunalu, qanokgituhaut aullaakganat? 
 

4. Hila, hikulu, namakgaluaktuk aulaakganat? Nagungitmat qanokgitpaktuk? 
a. Allagnoktuk ipaat ukiumik? Qanok allakpakpit taimaaganat? 

5. Qanok illitoknahovgitaat taimialuganat? Naunualiktok? 
a. Hila tiamiliuganat ayoknakhikpaktok? 
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Aoyak 
 

6. Ikalukiututit qanogitpaa? Tuktuhiukpapit? 
7. Humut illivgapaktat kuvatiit? 
8. Hunamik angovakpaktutiit? 
9. Hila, hikulu, namakgaluaktuk aulaakganat? Nagungitmat qanokgitpaktuk? 

a. Allagnoktuk ipaat ukiumik? Qanok allakpakpit taimaaganat? 
10. Qanok illitoknahovgitaat taimialuganat? Naunualiktok? 

a. Hila tiamiliuganat ayoknakhikpaktok? 
 
 
Supplement #1: Questions about Pre-Trip Audlak Information, Preparation, and Rescue 
 

6. Kinamut ukakpaktutit aullaakganat? Kinamit hila hiut piuaktutit? 
7. Nahakpaktutiit nalautmik, telephonemiklu, GPSmiklu? 

a. Humi tupguat atokpaktatit? 
8. Aulaakagnat ayokhapakpit? Ayokhagivit hulivakpaktutit? 

 
 
Supplement #2: Seals and Whales 
 

3. Natiit qanokgipat? Angovakpakpit nitikmik? Kaffit? Humit? 
4. Ihumaluktutiit qilalugat kinahuakfaktut? 

a. Kifaakpat tamayatiit naoniaktut? 
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APPENDIX VI: TENTATIVE RESEARCH DISSEMINATION PLANS 
 
This project will involve reporting and communications activities aimed at disseminating the 
findings of the research with the community. Tentative dissemination plans are listed below. 
 
Community and Regional Dissemination: 

• Community dissemination will take a number of forms. These will be carried out 
remotely and during a potential January/February 2018 research dissemination trip to the 
community  

o Copies of a plain language research summary will be made available to the 
community in hard copy (through the Hunters and Trappers Committee and 
Community Corporation) and online in September 2017 

o A potential dissemination trip to Ulukhaktok would include working with the two 
local researchers to revisit and share findings (both conversationally and through 
a plain language research summary) with those participants who showed interest 
in follow-up meetings and other community members 

• Electronic and paper copies of the research summary will also be sent to the Aurora 
Research Institute, Inuvialuit Game Council, and Government of the Northwest 
Territories 

 
Academic Outputs 

• Along with the two manuscripts in this thesis, this research will contribute to two or three 
other manuscripts focused on topics such as the economics of subsistence hunting in 
Ulukhaktok, and the impacts of the US ban on the importation of polar bear products on 
the polar bear sport hunt and the community as a whole. This will be an ongoing process 
throughout the summer, stretching into the autumn. 

• The results from this research will be presented at the Arctic Change Conference in 
Quebec City in December 2017 

 
Government and Policy-makers: 

• The aforementioned research summary will be shared electronically and in hard copy 
with the Government of the Northwest Territories, Indigenous and Northern Affairs, 
Canadian Polar Commission, and Inuit Tapiriit Kanatami 

 
Other: 

• The key findings from this research will also be synthesized and shared via an online 
platform sometime in summer 2017 (e.g. a simple website, for access by multiple rights- 
and stakeholders) 

 
 
 
 
 
 
 
 



 

 112 

APPENDIX VII: CHAPTER 3 – AUTHOR RIGHTS FOR SCHOLARLY PURPOSES 
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