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The project was made possible by funding support provided by Crown-Indigenous Relations and 

Northern Affairs Canada. We gratefully acknowledge the important contributions made by Sarah Cox 

and Anthony McDermott. Other individuals and organizations that contributed to the successful 

completion of this project include: 

• Social, Economic and Cultural Expert Group (SECEG) – Frode Mellemvik, Liza Mack, Timo 
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During the conduct of this research, members of the research team collaborated with Finland’s 

Natural Resource Institute (Luke) on a parallel project aimed climate mitigation/adaptation 

through sustainable food production and the sustainability, use and management of natural 

resources. The overall objective of these project collaborations were to promote adaptation to climate 

change through networking and research in the food, tourism, and forestry sectors in Arctic regions, 

with a particular focus on the Barents region.  

 

Representatives of the Arctic Athabaskan Council (Bridget Larocque), Inuit Circumpolar Council – 

Canada (John Crump), and the Aleut International Association (Liza Mack) continued their critical 

role as a project steering committee. Although opportunities to meet in person were limited due to 

unforeseen delays (described below), their contributions were instrumental to the success of the 

project.  

 

PROJECT DELAYS  

Soon after the launch of the AFIC project, the Covid pandemic forced the postponement of our 

fieldwork. Because the very nature of our research was international, the closure of borders, 

lockdowns, and quarantines forced us to recast our research plans. This included research planned 

within our respective countries, where the need to observe social distancing and related restrictions 

limited the types of research we could carry out. As noted by Timo Koivurova, director of the Arctic 
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Centre, University of Lapland, Finland, and member of our research team, trying to foster 

international cooperation through a computer screen proved to be less than ideal. Without personal 

connections, it is difficult to push projects forward as easily (see his full editorial in The Circle. Whereas 

Covid created considerable challenges, the compounding effects of the March 2022 pause in Arctic 

Council activities, caused additional delays. It was not until the limited resumption of the Council’s 

work in June 2022, that SDWG research projects not involving the participation of the Russian 

Federation were resumed. Yet our project involved valued Russian collaborators, which further 

delayed the resumption of our research. Notwithstanding these challenges, our research has produced 

important findings that together are being used to inform the launch of the Arctic Foods Innovation 

Cluster.  

 

THIS PROJECT WAS APPROVED BY THE ARCTIC COUNCIL’S SUSTAINABLE DEVELOPMENT 
WORKING GROUP. THIS REPORT WAS PREPARED BY THE PROJECT TEAM AND DOES NOT 
NECESSARILY REFLECT THE POLICY OR POSITIONS OF ANY ARCTIC STATE, PERMANENT 
PARTICIPANT, OR OBSERVER OF THE ARCTIC COUNCIL. 
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PREFACE 

 

The Arctic’s commercial food system is challenged by a host of social, economic, logistical, and 

political obstacles. Some of these constraints include the high cost of food production inputs, limited 

infrastructure (e.g., road networks, ports), absence of supportive legislative, cultural tensions 

associated with commodifying traditional Indigenous foods, limited innovation and an over-reliance 

of raw export. 

 

Based on the findings of The Arctic as a Food Producing Region, we examined whether a cluster-based 

approach to food innovation and food security might be an effective strategy to overcome these 

challenges. An Arctic Food Innovation Cluster (AFIC) could draw together Arctic/northern food 

producers with governments, Indigenous communities, colleges\universities, research centers, 

vocational training providers, and industry associations and young people (the next generation) to 

identify ways to increase production and added value of foods originating in the Arctic. In this way, 

AFIC could:   

● Increase communication between value chain actors  

● Provide an institutional framework for future capacity building 

● Support business incubation 

● Undertake policy-relevant research in areas of food economics, logistics, biotech development 

 

Conceptualized here, food innovations encompass: 1) new modes of production and consumption 

patterns, e.g. introduction of hydroponics or aquaponics farming; and 2) new production and 

consumption of non-food products, e.g. using waste products from the seafood sector to produce 

medicine or fabrics or seaweed production as both food source and CO2  sequestration. The benefits 

for Arctic communities and food producers include opportunities for innovation, development and 

diversification that can begin to transform the northern food system and redefining food security in 

the Arctic.  

 

This Final Project Report describes the stages that were followed in the development of the Arctic 

Food Innovation Cluster (AFIC). Through a series of iterative stages - scoping, consultations, design 

- a vision for AFIC emerged. In addition, the results from several sub-projects are included and 

provide important insight on matters relating to technology adoption, Arctic food certification and 
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labeling, consumer preferences, willing to pay for Arctic food products, Life Cycle Assessment of 

Arctic fisheries exports, and the climate and bio-physical constraints to agricultural expansion in 

northern high latitude regions. 

 

Together, these assessments and sub-projects have led to the formation of a central AFIC hub that is 

prepared to promote strategic coordination, direction, and knowledge mobilization of food industries 

in the Arctic. The High North Centre (HNC) for Business and Governance at Nord University in 

Norway has assumed this central role and will guide the development of the AFIC initiative. The 

AFIC strategy assumes the development of a network of regional pan-Arctic food hubs that will serve 

as aggregation points for knowledge sharing and strengthening the interconnectivity between local 

food producers and other value chain actors in the Arctic food system. Ultimately, the goal of AFIC 

and its associated regional hubs is to help instill a sense of pride, empowerment, health, and wellbeing 

in Arctic communities through the sustainable development of Arctic food industries.  
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FOSTERING INNOVATION IN ARCTIC FOOD INDUSTRIES  

 

Lisa F. Clark, Andrey Mineev and David C. Natcher 

 

INTRODUCTION 

 

In 2016, the Arctic Council’s Sustainable Development Working Group (SDWG) endorsed the Arctic 

as a Food Producing Region research program. Involving research teams from Iceland, Norway, 

Canada, Greenland and Russia, the objective of the project was to assess the potential for increased 

production and added value of foods originating from the Arctic, with the overarching aim of 

improving food security, while enhancing the social and economic conditions of Arctic communities. 

The results of that research confirmed that within the Arctic region there are considerable 

opportunities for commercial food production. Food industries are producing large volumes of food 

commodities that are culturally compatible with Indigenous/local food preferences and have high 

export value. Although the Arctic was recognized as an important food-producing region, there was a 

shared sense that the Arctic was not meeting its full potential, either in terms of satisfying local food 

needs or for maximizing its domestic or international export potential. The underperformance of 

Arctic food industries was attributed to a plethora of social, economic, climatic, and logistical 

constraints, including lack of necessary infrastructure, fragmented supply chains, limited access to a 

skilled workforce, absence of innovation in product development, and limited access to, and 

knowledge of, domestic markets and consumer interest (Natcher, 2021). While these challenges are 

experienced unevenly across the Arctic regions, Arctic food industries tend to be fragmented with 

tenuous professional connections and limited communication streams. These conditions have in part 

led to a general overreliance on raw food exports and limited innovation in primary and secondary 

product development.  

 

With these findings in hand, the SDWG endorsed a follow-up study that would examine the 

opportunities for establishing the Arctic Foods Innovation Cluster (AFIC). The objective was to 

explore opportunities for the AFIC to serve as an international hub that could connect northern 

entrepreneurs, southern-based investors, research centers, businesses and bio-technology developers 

working in Arctic food industries. The intention for the AFIC would be to pull together relevant 
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actors in the Arctic foods value chain for a cluster-based approach to food production and regional 

economic development. The project adopted Engel and del-Palacio’s (2009) definition of Innovation 

Clusters as: inter-connected firms and institutions working in a common industry. They involve the 

creation of collaborative and dynamic relationships between various players around common goals, 

innovative ideas, knowledge sharing, public and private investment. Clusters foster a collaborative 

environment around a common framework designed to promote synergy and innovation. In this 

context, actors involved in the AFIC would include Arctic food producers, governments, Indigenous 

communities, universities, research centers, vocational training providers and industry association, all 

of which have a shared aim of increasing the Arctic’s competitiveness in food industries.  

 

In this section, we share the procedures that were followed in the development and ultimate 

implementation of AFIC. While a range of models exist for the implementation of innovation clusters 

in other sectors, we sought input from those involved in the Arctic food value chain, particularly those 

who are, or have been involved in industry clusters in the past. More specifically we set out to learn 

the essential elements that the AFIC must provide to ensure equitable service. This includes possible 

variations (models) in management that will reflect the unique environment of the Arctic, but still 

accommodate local, regional, and national differences, and the type of business models that may be 

required to ensure the continuation of the AFIC. Lastly, it was considered important to avoid 

redundancy and to complement existing clusters, government frameworks, and research initiatives.  

 

STAGE 1: SCOPING 

 

The primary goal of the first stage of the research was to better understand the cluster model and how 

it might be implemented in the Arctic food system. This involved the conduct of two independent 

assessments that engaged Arctic residents, food industry leaders, government representatives, and 

others with expertise in the development and management of innovation and industry clusters. The 

assessment teams first identified and engaged Arctic food value chain actors (producers, retailers, 

transportation, research and development agencies/companies, governmental departments and 

agencies). Part of this phase was to identify what the essential elements that all clusters must have to 

ensure equitable service, that also reflect the unique character of the Arctic, but still accommodate 

local, regional, and national differences. This phase was also designed to identify business models that 
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may be required to ensure the continuation of the AFIC beyond its formation, as well as coordination 

with existing governmental frameworks and initiatives. 

 

The first of these assessments Food Innovation in Canada’s North: The case for a social enterprise 

cluster (Action Canada Task Force Report 2018-2019) (Laurence et al., 2019), was conducted by 

Fellows of the Action Canada program. Action Canada is an independent, non-partisan and non-profit 

organization and charity based in Ontario, Canada. The Action Canada Fellowship program aims to 

enhance emerging leaders’ understanding of public policy choices for the future. In this case, Action 

Canada Fellows examined the constraints and opportunities associated with the development of the 

AFIC. Specifically, the Task Force explored how a cluster-based approach to food innovation could 

improve access to affordable, culturally informed healthy food across northern regions and the 

opportunities for innovations to be made in commercial food production industry via new food 

production methods (e.g., full utilization of harvested fish), value chains, and/or governance models, 

which, in turn, could foster growth in local economic development.  

 

After conducting interviews with 30 key informants across northern Canada, the Task Force found 

that there are three factors affecting the ability of Canada’s northern food chain to provide local 

populations with sustainable, culturally appropriate food. The first was financing. The accessibility of 

public and private financing has hampered northern Canada’s ability to scale up existing food chains. 

The second was human capacity, as there are limited human resources available to facilitate the scaling 

up of food chains and building a skilled workforce. The third factor was geographic, and includes 

infrastructure, transportation, and distribution hubs that in many Arctic regions are lacking. While the 

challenges are significant, the Task Force also noted several strengths, including the existence of strong 

community and social capital, specialized local knowledge and rich food culture, and the uniqueness 

of Arctic and Indigenous inspired food products (Laurence et al., 2019, p. 5). 

 

The Task Force presented a pathway for the AFIC in Canada. While a traditional cluster, based strictly 

on market factors, is unlikely to work in the North, a modified cluster model leveraging social catalysts 

could be beneficial by providing a funding mechanism that addresses some of the financing issues 

raised by respondents. The Task Force also suggested that the AFIC should not be exclusively 

composed of food chain stakeholders but rather incorporate other community entities also impacted 

by the same challenges, such as tourism and transportation. This would allow the cluster to propose 
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solutions that offer re-investment in community and broad social benefits. The Task Force also 

recommended that a “social enterprise” approach be adopted, where economic, social, cultural, and 

environmental benefits are equally weighted. This would also involve investments in public/private 

infrastructure that would have spillover benefits for Arctic communities.  

 

The second external assessment was completed by the SEFARI Fellowship program, based in 

Scotland. The SEFARI Gateway Fellowship was set up to identify potential opportunities for Scotland 

to engage with food and drink sector partners in the Arctic Region. Key areas of interest for the 

Fellowship, which form the objectives for its report Food and Drink Innovation and Clustering in 

Scotland’s Highlands and Islands: review of opportunities for engagement in the Arctic Region (Watts 

and Jones, 2021), include: The Highlands and Islands as a food producing region, an evaluation of 

cluster models (i.e. identification and comparison of clusters operating at local, regional, national and 

international levels); and to document the strengths and innovation of Scottish food research. The 

report identifies critical conditions for innovation to be made in Arctic food systems (Watts and Jones, 

2021) Most notably, the report advise caution when discussing clustering in relation to primary 

production, which is often driven by the distribution of natural resources rather than other economic 

factors. With this caveat in mind, the structure of the food and drink sectors in the Highlands and 

Islands was examined for evidence of spatial concentrations of activity (Watts and Jones, 2021, p. 2). 

Similarly, the wider conception of clustering advanced in this report requires testing and, if found 

useful, the researchers suggest further development. It suggests three areas on which such work might 

focus: fishing; ‘alternative’ food distribution networks and those based on geographical branding; and 

social and community enterprises.  

 

The report also suggests that there is a case for adopting a broad definition of innovation in the context 

of food and drink production. Innovation is often associated with new technologies but can also be 

applied to branding and food distribution networks. The SEFARI Fellowship (2021) suggested a 

dialogue approach to developing a social enterprise cluster, focused on assessing stakeholder needs. 

This report, like the Action Canada Task Force Report, recommends against restricting attention to 

consideration of ‘orthodox’ cluster-formation and innovation policies. Widening the focus of what is 

included in a food cluster may help to secure wider community benefits. Residents of small and remote 

Arctic communities frequently engage in small-scale processing and sharing activities which may not 

represent their main source of income, have other equally important social and cultural benefits. In 
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this context, the report emphasizes the need to broaden the focus from strictly economic incentives 

to include support for social and community development.  

 

STAGE 2: CONSULTATION 

 

‘Consultations’ were conducted in regions and communities in northern Canada where stakeholders 

were invited to engage and contribute their views and thoughts around values and priority areas for 

the AFIC. This phase of the project focused on collecting information about possible future activities, 

documenting environmental and social conditions, while also considering values and priorities. 

Interviews explored the multiple dimensions of the challenges and opportunities for introducing 

innovation to the Arctic commercial food system.  

 

Consultations covered three primary areas of development: Economic, Environmental and Socio-

cultural. The economic theme investigated issues such as market access, certification, 

communications, logistical limitations, regulatory constraints, infrastructure, and potential applications 

of innovative technologies. The environmental theme foci were on gaining a better understanding of 

management systems, carbon footprint, sustainable economic development, as well as how an Arctic 

food cluster might address climate change. The role of traditional ecological knowledge was the third 

thematic area that focused on uncovering opportunities for entrepreneurship, education, employment, 

cultural values, and the role of tourism in sustainable economic development.  

 

The finding of the consultation phase emphasized the considerable diversity found in the Arctic region 

where diverse natural, economic, and social conditions are prominent. The maturation and 

opportunities for regional food production will therefore differ, as will cultural understandings of what 

constitutes innovation.  However, the research team found that there are important common interests 

and initiatives where the Arctic region can benefit from collaboration. Knowledge and technology 

transfer were flagged as important elements. The development of a virtual network supporting 

businesses within the Arctic food industries and the implementation of innovative and sustainable 

solutions could be a valuable contributor to strengthening the Arctic food sector, facilitating increased 

cooperation, research and development, knowledge transfer and marketing support. This might 

include the establishment of a virtual pan-Arctic interdisciplinary network connecting Arctic 

innovation centers, research organizations, businesses and entrepreneurs. Such a network may further 
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encourage Arctic cooperation and joint research activities, such as international flagship projects. 

These projects could facilitate scaling up Arctic food value chains, bridging the connectivity gap to 

facilitate trade in food and drink products (transportation, telecommunications), support for 

diversification of products and processes (revisit eligibility requirements for governmental funding, 

food tourism), and fostering partnerships among Arctic food value chain’s stakeholders – i.e., a cluster-

based approach to Arctic food production. These recommendations mirror the findings of Natcher 

(2019) who emphasize the multiple benefits that can be derived from a cluster-based approach to food 

systems development, through: Increased communication; providing an institutional framework for 

future capacity building; networking and facilitating communication between value chain actors and 

business incubation opportunities.  

 

It was also suggested that product branding could be used as an innovation strategy to enhance market 

development. Studies conducted by Natcher (2021) and Yang et al. (2020a; 2020b) found high 

consumer demand for Arctic Food products, which may signal that it is the right time to develop a 

‘Made in the Arctic’ food labelling system. There are significant opportunities for developing high-

value niche “Arctic products” for tourist markets and other selected regional and national markets. 

Consumer preference studies (e.g., Yang et al., 2020b) indicate that consumers feel that the 

consumption of Arctic foods allows them to experience Indigenous cultures and traditions, while 

economically supporting Indigenous communities. Compared to other places of origin, consumers 

place higher value on the features of Arctic origin and would choose to purchase wild-caught fish by 

remote/Indigenous producers over other southern-based alternatives. Consumers have also shown 

support for new certification standards for Arctic sustainability and authenticity, which could be 

further used as a marketing advantage.  

 

The Arctic is a unique food-producing region with the potential for location-specific price premiums 

among consumers (Yang et al, 2020a). Demand is growing for niche food products that are 

sustainable, authentic, and that have their own stories. As such, opportunities exist to expand niche 

markets for Arctic foods by highlighting their distinctive characteristics, such as the natural 

environment, Indigenous cultural and historical associations, and the potential to improve local 

economic conditions in northern regions. The attitudinal analysis conducted in the Yang et al. (2020b) 

study confirms these factors as important to consumers (as are the positive consumer responses to 

Indigenous fishers and wild-caught in the choice experiment).  
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There is evidence that some form of labelling or branding that highlights the uniqueness of products 

from the Arctic while protecting producers and assuring authenticity and traceability has traction in 

the consumer market. An example of a type of labelling system that encompasses components of a 

biocultural heritage label that goes beyond a place-based labelling system is the ‘Made/Produced by 

American Indians’ trademark established by the Intertribal Agriculture Council. The Aleut Council is 

a member of the IAC. The trademark is used to clearly identify American Indian made products from 

federally recognized Tribes and Alaskan Native Villages. The IAC began the process to develop and 

create the trademark in 1991 shortly after the passing of the Indian Arts and Crafts Act (Acts) of 1990 

(P.L. 101-644), which encourages the use of legally registered trademarks to ensure authenticity of 

Indian made products. The development of the trademark was formally approved in 1993. The 

American Indian Trademark is used on over 500+ products sold in the US and around the world to 

signal to consumers authentic American Indian produced goods. Table 1 shows different approaches 

to an Arctic branding scheme. 

Table 1: Possible Approaches to a ‘Made in the Arctic’ Branding Scheme 

Geographical 

Indications (GIs) 

Names link a product with a particular geographical area or territory and 

production process. Like trademarks, GIs are set up to protect intellectual 

property. 

Trademarks 

Similar in function to GIs, but link a product with a trade origin, which is 

likely to be a company rather than a place. 

Labelling 

Marks or logos offering guarantees to consumers but do not seek to protect 

IPR, and do not necessarily entail third party attestation.  

Certification Similar to labelling but entails third party attestation. 

Intellectual Property 

Rights (IPRs) 

Legal rights over inventions, artistic or literary works, distinctive marks, 

designs, place names and other practical expressions of mental outputs that 

have actual or potential commercial value. 

IPR-based Labelling 

Tool Labelling schemes that seek to protect IPRs (e.g., GIs and trademarks). 

Biocultural Heritage 

Inter-linked traditional knowledge, biodiversity, landscapes, cultural and 

spiritual values and customary laws of Indigenous peoples and local 

communities. 
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Biocultural Heritage 

Indication 

A graphical sign or label to indicate that a product or service is derived from 

biocultural heritage, guaranteeing its origins and authenticity. 

Source: Adapted from Swiderska et al., 2016, p. 141. 

 

STAGE 3: DESIGN 

  

Stage Three focused on design and developing strategies for knowledge transfer within and between 

Arctic food innovation hubs as well as strategies to facilitate innovations within the Arctic food 

systems. The cluster model was assessed for appropriateness in the Arctic context, as well as the 

challenges and opportunities. The ‘social enterprise cluster model’ was highlighted by each expert 

assessment and parallel research activities as a more appropriate model given its equal commitment to 

the quadruple bottom line (economic, social, environmental and culture). Several approaches to 

establishing a social enterprise cluster model and scaling up existing value chains were identified, 

including the hybrid economic model, closed loop systems, circular economic models and food hubs.  

 

Proving particularly informative were the lessons from Woodward et al. (2019), The Traditional 

Owner-led Bush Products Sector: An overview (2019). The authors suggest that the conceptualization 

of the rural economies as hybrid economies is appropriate in the case of Australian bush products 

harvested by rural Indigenous communities. They define hybrid economies as including:  

 

“…‘income’ generation from the public/state sector, the customary sector (e.g. 

returns from hunting, fishing, gathering) and the private/market sector (e.g. returns 

from bush product enterprises, payment for environmental services and art). They 

support and acknowledge the meaning, value and benefits that Indigenous people 

derive from being on country, practicing their culture while caring for their country, 

and involving both elders and young people” (Woodward et al., 2019, p. 5). 

 

The hybrid economic model to sustainable economic development addresses several of the concerns 

expressed in the AFIC feasibility assessments. It makes a link between an economic approach to 

sustainable development and a means to generate income in a culturally, and ecologically appropriate 

way via branded bush products. The goals and values of Indigenous peoples are core components of 

this model, including opportunities for employment and developing workplace skills and developing 
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new products and processes. Scaling up while staying local and maintaining tradition is an area in need 

of further investigation, as it relates to the development of the AFIC. 

 

Complementary to a hybrid model is the closed loop/circular economic models. Closed loop systems 

can be a part of the circular economic model focusing on making production processes as sustainable, 

efficient and waste-reducing as possible. Any waste that is a biproduct of the production process is 

reintegrated into the loop or used in the broader bioeconomy in this model of economic production. 

The circular economy approach also considers the social benefits of sustainable production processes 

through incorporating skills development of workers into production systems and economic 

development. 

 

“Circular solutions are an inherent feature of Indigenous societies, not just with the economy but also 

in society and the environment” (WCEF, 2021). Indigenous traditional knowledge and living within 

ecological boundaries are often credited as important components of the circular economic model. 

Valuing the importance of what people add to the production process through their labour is a core 

component. It holds significant potential to address food security, sustainable resource management 

and job creation through bio-based knowledge systems (see Elia et al., 2017; Velasco-Munoz et al., 

2021). To date, the circular economy model has not been integrated into the bioeconomy, though 

there is growing interest in developing and investing in this model of production (see Government of 

Canada’s Exploring circular economy initiatives and Environment and Climate Change Canada 

(2021)). These initiatives may yield partnerships in the establishment of the AFIC. The circular 

economic model, as applied to agriculture includes the production of commodities using a minimal 

amount of external inputs.  

 

STAGE 4: IMPLEMENTATION 

 

Drawing on the findings and recommendations gathered in Stages 1, 2 and 3, a vision for the AFIC 

began to emerge. The most critical requirement was the establishment of a central hub that would 

promote strategic coordination, direction, and knowledge mobilization between stakeholders. The 

High North Center (HNC) at Nord University in Norway agreed to coordinate the next stages in this 

direction. The HNC for Business and Governance is an international center for research, education 

and communication, connected to societal and business development in the Arctic. Established in 
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2007, the HNC works closely with Arctic industries, government bodies, communities, and other 

stakeholders to develop knowledge, competence, and awareness about the potential for innovation 

and sustainable value creation in the Arctic. The HNC is currently leading a new Thematic Network 

on Blue Economy and the Arctic making it a perfect hub to advance the synergistic objectives of the 

AFIC. The unique positioning of the HNC will facilitate communication between communities, 

industry and governments which will enable the collective identification of opportunities and problem 

solving. While serving as the AFIC international hub, the HNC will connect northern entrepreneurs, 

southern-based investors, research centers, businesses and bio-technology developers working in 

Arctic food industries. Building on existing capacities, the HNC will advance policy discussions that 

and will offer a platform for Arctic food stakeholders to share experiences, lessons learned, and devise 

policy responses to food production challenges in Arctic communities. This will also include critical 

attention to the constraints that may hamper food system innovations, be they socio-economic, 

cultural, or environmental in nature. Ultimately, the AFIC will deepen the understanding of these 

dynamics conditions and build an evidence base for policy and development interventions that 

contribute to sustainable food and nutrition security and economic development in the Arctic.   

 

Once established (spring 2025), a regional food hub model will be advanced and will serve as 

aggregation points for knowledge sharing and strengthening the interconnectivity between local food 

producers and other value chain actors in the Arctic food system. For example, the Russian Federation 

has established the NArFU Center of Excellence to foster world-class Arctic research with the 

potential to influence the economic and social transformation of the Arctic, monitoring and 

forecasting of the consequences of natural, climatic and environmental changes in the high latitudes. 

One of the Center’s tasks is facilitating the innovative and technological development of the Russian 

Arctic and training specialists for Arctic projects in the fields of Arctic forests and aquatic 

bioresources. The Centre’s consortium includes over 30 organizations (academic institutions, 

universities and business partners) from different regions of the Russian Arctic Zone. NArFU Center 

of Excellence can help forge a pan-Arctic consortium of research partners to share experience, build 

research capacity, and inform policy responses to food system challenges. This research consortium 

will provide decision support for sustainable agriculture and food production investments in Arctic 

regions. 
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This approach is not unlike the strategies developed by the Icelandic Food and Biotech R&D (Matis), 

which has established food innovation centers at various locations in the country. Support from 

regional innovation centers has been a successful strategy for small-scale product development, and 

in creating local and regional opportunities for market expansion. Like the objectives of Matis, AFIC 

hubs are being designed to support regional innovation in food sectors. This includes assisting in 

funding access which is often a significant deterrent for the development of small-scale local and 

regional food producers and entrepreneurs in the early stages of business development. In this way, 

regional AFIC hubs will help leverage entrepreneurial strengths while supporting regional producers 

in the marketing of their ‘Made in the Arctic’ products, both in and outside the Arctic. This approach 

will also balance the economic and the social benefits of food innovation by addressing employment 

and career development pathways for young people. The involvement of young people in enterprise 

development will be an avenue to build employment opportunities via the creation of meaningful jobs 

in their respective communities, as suggested by the Food Innovation Leadership program, which will 

offer viable option for combating youth outmigration. Active involvement in food product enterprises 

can provide a positive alternative for young people who may otherwise move to urban areas seeking 

employment opportunities or remain within the community where lack of opportunity presents social 

and welfare risks. Ultimately, the goal of the AFIC and its associated regional hubs is to help instill a 

sense of pride, empowerment, health, and wellbeing in Arctic communities through the sustainable 

development of Arctic food industries. 
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ARCTIC FOOD INNOVATION CLUSTER: GWICH’IN FOOD SECURITY INITIATIVES IN 
CANADA AND ALASKA 

 

Rena Squirrel and Devlin Fernandes, Gwich’in Council International  

 

INTRODUCTION 

 

“Through harvesting traditional foods you practice your culture and live your heritage” 

- Gwich’in Harvester 

 

Gwich’in Council International (GCI) is a Permanent Participant at the Arctic Council, a forum for 

cooperation and collaboration in the circumpolar north. GCI works to amplify the voice of the 

Gwich’in Nation on issues of sustainable development and the environment, and we look for 

opportunities to connect community priorities and needs with what is happening across the Arctic.  

One shared goal is sustainable social and economic development, and advancing work aimed at social 

and cultural inclusion and at improving health, safety, resilience, and wellbeing of Arctic inhabitants 

with a focus on Indigenous Peoples. Building on work completed in the Arctic as a Food Producing 

Region project (SDWG 2019), and recognizing the integral connections between food, land, and 

culture, we wanted to explore individual and community food initiatives across the Gwich’in 

homelands.  

ACTIVITIES 

 

Work was completed under the Arctic Food Innovation Cluster in 2021. In partnership with Dr. 

David Natcher at the University of Saskatchewan, an interview and data collection template was 

created and Rena Squirrel conducted research and interviews across the Gwich’in Nation. Eighteen 

interviews were completed with Gwich’in members in Aklavik, Fort McPherson, Inuvik, 

Tsiigehtchic, Arctic Village, Beaver, Circle, Old Crow, and Fort Yukon.  

Rena Squirrel delivered two virtual presentations of her finding and a recording from one of the 

presentations was shared online. This work was also presented at an EALLU event organized in 

Russia in December 2021. 
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RESULTS 

 

Gwich'in diets consist of food from the land and market food from the south. Food from the land is 

central to the health, economy, and culture of the Gwich’in and is recognized as contributing to our 

physical, social and spiritual well-being. Food is connected to language, cultural practice, economies, 

gifting and trading, ceremonies, intergenerational knowledge transfer, and cultural survival.  

From the land, harvesting encompasses a diversity of species including caribou, moose, geese, sheep, 

fish, plants, and berries. Harvesting is flexible and adaptive, and areas and ecosystems are managed 

for abundance and in respect.  

Food insecurity is a serious issue most communities experience first-hand; global forces, threats of 

oil and gas development, commercial harvests, climate change, and fires impact what the land 

provides.  

 

Not all Gwich’in have physical, social, and economic access to sufficient, safe, and nutritious food. 

Food insecurity is a serious problem that is only going to get worse with the effects of climate 

change and the increase in fuel prices. It is important to focus on food initiatives in the Gwich’in 

communities because how the Gwich’in obtain food is unique considering our remote location, cost 

of market food, and our reliance on food from the land. By understanding what is going on at the 

local level we are better able to support the communities and know what food initiatives work and 

don’t work. The initiatives that work need to be supported and expanded to ensure people have 

access to healthy local food. 

 

Food from the land and Gwich’in culture: Food from the land connects to the Gwich’in culture because 

the process of harvesting food from the land is a part of our traditions that we have been practicing 

for thousands of years. Food from the land and our Gwich’in culture is intimately connected, you 

cannot have one without the other. 

 

Food from the land and Gwich’in economy: Food from the land connects to the Gwich’in economy 

because it is almost impossible to rely solely on market food because it is too expensive. Another 

barrier is the lack of employment opportunities in the communities that make it difficult to afford to 

buy food from the store. 
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Food from the land and Gwich’in Identity: Food from the land connects to the Gwich’in identity because 

our culture is so intimately connected to the land and the animals. Harvesting and preparation 

activities bring individuals in the community together, helping to maintain social relationships, 

facilitate knowledge transfer and sustain spiritual connections with the land. 

 

INDIVIDUAL FOOD INITIATIVES  

 

Most individual food initiatives in all the communities fall into these categories, however not every 

category applies to each Gwich’in community; for example some of the communities don’t have a 

local store or restaurants. 

• Hunt, fish, and harvest plants from the land 

• Grow their own vegetables 

• Buy plates of food for sale from local people 

• Order food online and pay for shipping 

• Buy from the local store 

• Travel to surrounding towns/cities 

• Buy food from local restaurants 

• Fine dining featuring traditional foods 

 

COMMUNITY FOOD INITIATIVES  

 

• Most communities organize community hunts. Local hunters would be hired to go on the 

land to hunt for people who cannot hunt for themselves. 

• Fish camps. 

• Many communities apply for funding from Federal and State governments for food initiative 

programs such as on the land programs to teach people how to harvest, cook, and preserve 

local food, community greenhouses, and community gardens, 

• Most communities have feasts for significant occasions such as graduations, weddings, 

funerals, or Christmas. 

• In all Gwich'in communities it is a common practice to share with others. 
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IMPLICATIONS 

 

Through the work, recommendations emerged to advance and strengthen Gwich’in food 

sovereignty: 

- Indigenous People need to be included in resource management 

- Invest in education opportunities for community members: continue to organize on-the-land 

programs and adapt school curriculums to include nutrition, growing, and harvesting 

- Ensure all Gwich’in have access to the infrastructure and knowledge needed to harvest, 

process, and preserve food from the  land 

- Encourage and support Gwich’in communities to work together on food security and 

sovereignty initiatives  

This work enables us to have informed participation at, and engage in, the AFIC project, and 

highlighted the connections between food production, food security, and food sovereignty. It 

underscored that the practice of food harvesting and production is intertwined with culture and 

language, and that advancing food initiatives as economic opportunities has to be respectful and 

aligned with respectful and appropriate cultural protocols. Food can be a mechanism for the 

transmission of language and culture.  
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ASSESSING THE CONSTRAINTS TO THE ADOPTION OF 

CONTAINERIZED AGRICULTURE IN NORTHERN CANADA 

 

David Natcher, Shawn Ingram, Ray Solotki , Carl Burgess, Suren Kulshreshtha and Lindsey Vold 

 

INTRODUCTION 

 

Over the past decade, important technological innovations have been made in cold-climate food 

production. Arctic fisheries, for example, are employing new technologies that have enabled marine 

industries to capitalize on the sustainable and intelligent uses of aquatic natural resources (OECD, 

2019). Through new product development and improved utilization methods, northern communities 

are finding novel ways of balancing food security, economic growth, and the protection of the marine 

environment (Huang et al., 2018). 

 

Similar advances are being made in northern agriculture, where new technologies are proving 

successful at overcoming the environmental constraints associated with northern environments. 

These advances include novel containerized growing systems that employ vertical farming design, 

innovative instrumentation, and computer-controlled LED lighting systems. For regions like northern 

Canada, these innovations hold great promise for providing year-round access to fruits and vegetables, 

particularly in remote communities that suffer from high rates of food insecurity. Although most agree 

that containerized agriculture is not a panacea for the high rates of food insecurity experienced in 

northern Canada (Council of Canadian Academies (CCA), 2014), many do feel that these types of 

innovations are necessary for addressing the production constraints in the food insecurity equation.  

 

Notwithstanding the innovations being made in containerized agriculture, it has yet to be determined 

what constraints may exist that could limit local adoption and scalable outcomes. Research conducted 

in other food insecure regions of the world have long found that despite the great potential for 

technological advancements to improve food production capabilities, there are often unforeseen 

cultural, economic, and political constraints that limit technological uptake (Feder and Just, 1985). 

However, in northern Canada the consideration of these factors has not kept pace with the rate of 
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technological innovations being made, leaving new food producing technologies susceptible to 

rejection and disadoption. 

 

In this sub-project we examined the constraints that could limit the adoption and scalability of 

containerized agriculture in northern Canada. This specific study was based in Inuvik, Northwest 

Territories and was carried out in collaboration with the Community Garden Society of Inuvik (CGSI). 

The CGSI has operated a seasonal greenhouse (May- October) for more than 20 years and has proven 

successful at providing a seasonal source of fresh fruits and vegetables for community members. 

Despite that success, the current demand for fresh and affordable fruits and vegetables has outpaced 

supply, which has motivated the CGSI to consider the purchase of a containerized growing system 

that can contribute to a more sustainable and self-sufficient community food system in Inuvik. 

Recognizing that the long-term adoption of a containerized growing system will be subject to a host 

of social, economic and environmental constraints, we set out to identify potential obstacles that may 

limit sustained adoption in Inuvik as well as the likely scalability to other communities in the Beaufort 

Delta Region. Scalability refers to the means of expanding the rate of adoption through social 

interaction and exchange between users (Pachico and Fujisaka, 2004). In this case, the potential users 

of containerized growing systems (i.e., the adopting population) may include community food groups, 

elected community councils, retailers, or community economic development corporations. Whereas 

each of these users may be motivated by different reasons (i.e., profit among retailers) the high rates 

of food insecurity in northern Canada have fueled a common interest in these technologies 

(Kozachenko, 2020). To evaluate the potential uptake and use of containerized growing systems, we 

employed the Adoption and Diffusion Outcome Prediction Tool (ADOPT) (Kuehne et al., 2017) to 

estimate the likely rate and peak level of adoption. We also conducted an in-depth assessment of key 

variables that could either constraint or facilitate the adoption process. We believe this type of pre-

assessment is a critical, yet often overlooked step in technology transfer, and a necessary stage in 

assessing the scaling out potential for new food production technologies in northern Canada. This is 

particularly important for new technologies that demand significant financial investments that are 

wholly or partially irreversible. 

COST AND PROFIT 
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All respondents identified the costs of the initial investment as a significant influence on the rate of 

adoption. The initial upfront costs, together with continuing costs of operations will constrain 

adoption if revenues do not provide a minimum breakeven return. In cases where costs outweigh 

profits, adoption may carry considerable risk. The adoption of the containerized system was felt to 

rest ultimately on the need to maximize expected profits, recoup the investment, and achieve tangible 

economic returns in the short run. This indicates that the adoption and scalability of containerized 

systems are more dependent on long-term profitability than short-term financial barriers. However, 

while profitability has a greater relative impact on adoption levels than upfront costs, simultaneously 

reducing or eliminating upfront costs and increasing expected profits result in the greatest predicted 

levels of adoption. Our findings indicate that upfront costs pose to the adoption of containerized 

agricultural systems in northern communities, even in cases where profits are generated. 

 

ENVIRONMENTAL COSTS AND BENEFITS 

 

Containerized growing systems employ novel technologies that lessen the demand for imported fruits 

and vegetables. The environmental benefits include reductions in energy requirements for 

transportation as well as a reduction in the production inputs (i.e., water, fertilizer). These benefits are 

often touted by manufactures when comparing the advantages of containerized systems over 

conventional agriculture and greenhouse cultivation. However, while containerized systems offer a 

number of environmental benefits compared to conventional cultivation, the local environmental 

impacts are not benign, and may be constraining for small and remote northern communities. In 2019, 

the residential electricity rates in Inuvik were $0.396/kWh, whereas the national average was 

0.174/kWh (Community Garden Society of Inuvik, 2020). It is estimated that, on average, 

containerized systems require up to 5,000- kilowatt hours per month, which for Inuvik would cost 

roughly $23,760/year. Based on the CGSI revenue projections, this expense would absorb 28–49% 

of the total revenue generated from the sale of produce. Furthermore, diesel power generation is the 

primary, and in some cases only, source of electricity in BDR communities, meaning most of the 

electricity used would be derived from a non-renewable source. In 2017, only 39% of the NWT’s 

energy was derived from hydroelectric generation, with 57% generated from diesel, 2% from wind, 

2% from natural gas, and 1% from solar power (Government of Canada: National Energy Board, 

2019). In response to the high incidence of energy insecurity, the Government of the NWT has 
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introduced a draft 2030 Energy Strategy that calls for the installation of wind turbines and solar panels 

in small, off-grid communities to reduce their reliance on diesel power. If these renewable energy 

sources become more readily available, and are made compatible with containerized agricultural 

systems, this could increase the environmental benefits of using containerized systems. However, if 

containerized systems remain dependent or increase dependence on diesel-generated power, adoption 

rates could decline. While new renewable energy systems (solar and wind) may lessen dependence on 

diesel generated electricity, until those systems are more readily available and made compatible for 

containerized systems, communities will need to rely on diesel-based power generation into the 

foreseeable future. 

 

In addition to heightened energy demand, containerized systems also draw on local water resources. 

While Inuvik’s water is delivered via above (16 km) and below (1 km) ground pipes, other regional 

BDR communities rely exclusively on trucked water supplies (Environment Climate Change Canada, 

2013). The Government of the NWT anticipates climate change will have a negative impact on water 

quantity, with detrimental changes caused by increased temperatures, extreme weather events, 

variability in precipitation, and impacts to critical infrastructure (Government of the Northwest 

Territories, 2019). These conditions have motivated other northern communities to prepare for water 

shortages by 2024 (Bakaic et al., 2018). Water quality is also subject to anthropogenic (e.g., faulty 

treatment systems) and non-anthropogonic (e.g., variable precipitation) disturbances. In 2018, seven 

communities in NWT had boil-water advisories, including Inuvik (Government of the Northwest 

Territories, 2019). Given the dependence on reliable and safe water resources, containerized systems 

may be vulnerable to short and long-term disruptions caused by constraints on other environmental 

inputs. Therefore, the containerized system may lessen total demand on global production inputs and 

transportation but may require additional inputs from local resources (e.g., energy, water). These new 

input demands may offset the environment benefits gained from local food production. 

 

INNOVATION COMPLEXITY 

 

The complexity and ease of use of containerized systems was identified as a significant variable that 

could constrain peak adoption levels. Containerized agricultural systems employ innovative 

technologies that have proven capable of overcoming the environmental constraints of northern 
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agriculture. These technologies include sensor-controlled exhaust systems, sophisticated heating and 

air conditioning systems, full-spectrum LED lighting, integrated pest management systems, CO2 

generation, and auto fill hydroponics with automatic nutrient dosage, all of which can be controlled 

through satellite connectivity and monitored from personal smartphone applications. 

 

As innovative as these technologies are, we know from other adoption studies that the complexity and 

perceived ease of use are often major deterrents to technology adoption. Using the Technology 

Acceptance Model (TAM), Davis (1989) has shown that the degree to which a person believes a new 

technology is easy to use, and its interface is uncomplicated, will often dictate adoption. Parasuraman 

and Colby (2001, p. 41) have similarly found that when the complexity of a new technology feels 

overwhelming, and beyond the direct control of the user, it can create anxiety to the point of rejection. 

Furthermore, when the application of complex new technologies requires the acquisition of new skills, 

potential users often form attitudes toward the technology even before direct exposure (Bagozzi et al., 

1992). If these attitudes are ill-formed or lack conviction, new technologies may have little positive 

effect. 

 

Containerized growing systems demand a significant level of technical skills, including horticultural 

knowledge (i.e., identifying and treating plant nutritional deficiencies and toxicities), experience in 

propagating, transplanting, maintaining, and harvesting plants, familiarity with environmental control 

systems, and basic mechanical, electrical and plumbing skills. Whereas community members can be 

trained to maintain and monitor system components, if these systems malfunction and are inoperable 

for even short periods of time, communities may not be in the position to complete repairs. In these 

cases, the maintenance of these systems demands external assistance, which may be delayed by remote 

delivery that adds additional support costs. In the short term this creates further dependencies on 

external assistance but after sequential failings, may ultimately result in the disadoption of the system. 

If the complexity of the containerized systems exceeds local capacity and requires the learning of new 

skills, adoption and scalability may be limited. 

 

TRIALABILITY 
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One strategy often used to overcome innovation complexity is through trialing opportunities. 

Trialability is the degree to which the technology can be experimented with and the level of exposure 

others have prior to making their own investment (Rogers, 2003). There has long been empirical 

evidence to show that the adoption rates of new technologies increase with direct experience or 

learning-by-doing (Warner, 1974; Natcher et al., 2016). This is particularly so for technologies that 

require high initial investment. Making containerized systems available for trial could alleviate user’s 

potential concerns regarding the technology, thereby reducing adoption constraints and decreasing 

time to peak adoption. Through trialing, the decision to adopt containerized systems could be made 

following successive opportunities of information gathering, experiential learning, and hands-on 

experience (Jabbar et al., 2003). The tendency by which users of a new technology decide to adopt or 

reject a new technology can therefore be influenced by the extent to which it can be tested in order to 

confirm or refute its relative advantage, particularly when those opportunities are available at low or 

no cost (Pannell et al., 2006). 

 

In the case of containerized agriculture, trialing opportunities are limited, and the costs involved are 

frequently prohibitive. In other trialing studies, the physical distance to the nearest adopter is often a 

critical factor for adoption (Lindner et al., 1982). In cases of close and sustained contact with early 

adopters, potential users have the opportunity to gain the necessary practical knowledge of the 

technology through observation and first-hand experience. However, in northern Canada, where the 

physical distance between communities is often significant, opportunities to trial containerized 

growing systems are often not available. With limited road access between communities, travel 

typically occurs by air. In order to set up a trial for a containerized system, potential users would need 

to travel and arrange long-term accommodations which can be costly and difficult to secure, thus 

making the trialing of containerized systems costly, time consuming, and logistically difficult. If there 

are limited opportunities to trial the system, or if trialing requires addition costs, the rate of adoption 

may be greatly diminished. 

 

REVERSIBILITY 

 

The distinction between reversible and irreversible investments is very relevant to containerized 

agriculture. Reversible technologies—such as the adoption of a hybrid seed or new planting 
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technique—may require no or minimal long-term risk to income or other household/community 

assets (Feder and Umali, 1993). In such cases, disadoption is typically unproblematic in that users of 

the new technology can return to previous systems with little long-term disruption. With lower 

switching costs, the technology adoption decision is reversible which provides an advantage to riskier 

untested technologies (Chulkov, 2017). 

 

Irreversible technologies, where initial costs are substantial, cannot be easily sold or transferred, and 

confer a high degree of uncertainty, are less easily abandoned (Ediger et al., 2005). In the case of 

containerized agriculture, significant financial commitments are required before the user knows for 

certain if it will prove advantageous. A decision can be made to disadopt but doing so would prove 

costly and may limit future investment opportunities. Secondly, advancements in containerized 

systems are occurring at such a pace that replacing one system for another is not practical. With 

technological advancements continually being made—either in terms of production capacity or their 

use of renewable energies—the containerized system purchased today may soon be outdated. Any 

new design elements (e.g., renewable energy sources, satellite connectivity) may be misaligned with a 

system’s existing technology and not easily adapted or replaced (Bergen, 2016). Containerized 

agricultural systems are also not infinitely durable. While the container itself is well-suited to 

withstanding the environmental conditions of northern Canada, its components will ultimately need 

replacing when their performance begins to deteriorate. While short term benefits may be gained, 

containerized systems in the long term may create vulnerabilities through its irreversibility. The 

significant sunk costs associated with disadoption of containerized systems expose user’s to increased 

risk from adopting the technology. Increasing the degree to which the adoption decision is reversible, 

for example through trialing options or lower upfront costs, could reduce associated financial risks, 

which could promote adoption rates and levels. Given the upfront cost of containerized systems, the 

reversibility of these systems are limited, with disadoption likely resulting in the forfeit of the initial 

investment. 

 

SUMMARY 

 

Considerable advancements are being made in containerized growing systems. These technologies 

have proven successful at overcoming the environmental constraints associated with cold climate food 

production and have shown promise for alleviating the high rates of food insecurity experienced in 
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the Canadian north. If new technologies are to provide lasting and meaningful change for northern 

communities, critical attention needs to be directed to the variable and complex constraints that may 

limit their adoption and scalable success. Undoubtedly, communities in northern Canada will 

experience these conditions differently and this variability should be considered in any future 

assessments. Various contextual factors will affect the uptake of containerized systems and research 

teams need to understand how the reality of different social and geographical contexts might influence 

adoption. While containerized agricultural systems have a potential to provide year-round access to 

fruits and vegetables, these innovations need to be accompanied by a sensitivity to the socio-economic 

dynamics of northern communities and an appreciation of the complexities that ultimately influence 

sustainable socio-technological outcomes in northern food production. 
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CONSUMER TRUST IN ARCTIC FOODS CERTIFICATION 

 

Yang, Yang, Jill Hobbs and David Natcher 

 

INTRODUCTION 

 

The Arctic covers a vast region differentiated by climate, cultures, and economies. Despite these 

differences, regions within the Arctic share great potential for sustainable growth in food industries 

(Natcher and Koivurova, 2022). Whereas traditional capture fisheries will likely continue to be the 

most significant Arctic food industry, new food products are being derived from reindeer, muskox, 

and seaweed, along with novel advances in animal feed, pharmaceuticals, cosmetics, and CO2 

sequestration technologies (Natcher et al., 2022). These new industries are providing food and other 

valuable bioresources, while generating sustainable employment for rural and remote regions 

(Bjornsdottir et al., 2021). For these reasons the future economic potential for Arctic food industries 

is considerable (Laurence et al., 2019). 

 

Despite the advances being made in these sectors, and the economic promise they hold, Nostvold et 

al. (2022) suggest that the future growth of Arctic food industries may be limited by consumer 

confidence and product knowledge. Whereas consumers have expressed a preference for foods 

originating from the Arctic (Yang et al., 2020a, 2020b) and are willing to pay premiums for unique 

Arctic qualities (Nostvold et al., 2022), no certification system currently exists to assure ‘place of origin’ 

or other quality attributes. Miller (2008) suggests that Arctic foods industries could benefit from a 

‘Made in the Arctic’ branding that denotes unique, sustainable, and clean product qualities (Laurence 

et al., 2019). According to Luceri et al. (2016), emphasizing the geographic origin of a product is one 

way of promoting authenticity and food quality to consumers, and hence, a potential marketing 

strategy for added value. van Ittersum et al. (2003) and Kuznesof et al. (1997) have also shown that 

regional branding positively influences consumers’ trust in food quality. While labelling and 

certification standards are available for ecological and fair-trade products, there are no equivalent 

labels for Arctic origin or qualities. 
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Consumers are highly heterogeneous with respect to how they respond and the extent to which they 

trust certification (Hobbs, 2019). Therefore, the successful use of Arctic origin in the branding of food 

products requires insights into what consumers perceive as “authentic Arctic food products” and the 

characteristics of such products. Drawing upon survey data from Canadian consumers, we examine 

the role of sustainability in consumer perceptions of Arctic foods and consumer trust in certification 

by different agencies (government, Indigenous community organization, regional organization, 

international organization). 

 

The potential for sustainable economic development of the food sector in the Arctic region has been 

recognized by Arctic regional organizations and governments. The market for food products from the 

Arctic lies in southern (non-Arctic) communities. There is a need to understand how consumers in 

these communities respond to assurances about the origin, authenticity, and sustainability of Arctic 

foods, and the types of organizations trusted to provide Arctic food certification.  This research sets 

out to build a more complete picture of how Canadian consumers respond to sustainability, 

authenticity, and origin attributes in their food purchasing decisions, and the role of certification in 

verifying these attributes in the context of Arctic foods.  

 

SUMMARY AND POLICY IMPLICATIONS 

 

Our results point to a number of pertinent insights for the development of Arctic regional food 

certification systems. First, the origin, authenticity, and sustainability of food products resonates with 

many consumers, with a relatively high degree of openness to trying Arctic foods. Current use of 

sustainability labels to inform food purchase decisions is relatively low, although mainstream labels 

(e.g., Canada Organic) are fairly familiar to consumers. There is evidence that an Arctic food 

certification system would resonate with consumers, and that the types of attributes most often 

associated with Arctic foods (authenticity, sustainability, unique geographic origin) appeal to many 

consumers. 

 

A central theme of our findings is the heterogeneity in consumer preferences. The analysis shows that, 

while many consumers respond positively to the notion of certification, there is considerable 

heterogeneity with respect to whom consumers trust for certification, and why. The results confirm 

that ‘government’ engenders a high degree of trust across most Canadian consumers, while Arctic 
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region-based and Inuit-owned organizations have strong appeal for certain consumer segments. From 

a policy perspective, this suggests that an Arctic regional certification system developed as a 

collaborative initiative across these types of organizations may be a fruitful strategic approach. 

 

Consumers indicate that sustainability, origin, and authenticity are important to them, albeit to 

differing degrees, yet they may not necessarily utilize existing sustainability labels in food purchase 

decisions. Indeed, consumers already face a crowded information environment with respect to food 

certification, therefore, any new certification system focused on the Arctic region needs to be credible, 

utilizing clear and consistent messaging about the distinguishing characteristics of Arctic foods. 

Further work is needed to determine the economic impact and viability of implementing Arctic food 

certification. Nevertheless, identifying consumer clusters with distinct attitudes toward Arctic food 

certification represents an important first step in assessing the potential for an Arctic food certification 

system. 

 

REFERENCE LIST AND EXTENDED DISCUSSION CAN BE FOUND AT: YANG, 

YANG, JILL HOBBS, AND DAVID NATCHER, 2023. CONSUMER TRUST IN 

ARCTIC FOODS CERTIFICATION. INTERNATIONAL FOOD AND 

AGRIBUSINESS MANAGEMENT REVIEW 

HTTP://DOI:10.22434/IFAMR2022.0111    
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ASSESSING CONSUMER WILLINGNESS TO PAY FOR ARCTIC FOOD 

PRODUCTS 

 

Yang, Yang, Jill Hobbs and David Natcher 

INTRODUCTION 

 

Consumers are increasingly interested in the stories that accompany their food: from sustainability 

assurances, to a focus on traditional and ‘authentic’ production methods, to foods from unique origins 

or associated with distinct cultural identities. The food industry has seized upon opportunities to 

differentiate food through an emphasis on specific credence attributes, often relying on certification 

to enhance the credibility of a quality claim. As a result, food markets are crowded with multiple quality 

signals and certifications, and consumers are highly heterogeneous with respect to how they respond 

to these quality signals (Hobbs, 2019). For new entrants to this space, including regional branding 

initiatives encompassing several credence attributes, understanding how consumers respond to quality 

assurances, the extent to which geographical origin is associated with specific credence attributes (for 

example, sustainability, tradition, culture) and the role certification plays in solidifying consumer 

demand in this multifaceted landscape is particularly relevant. 

 

A rich literature has emerged exploring consumer willingness to pay for sustainability assurances and 

certifications (see for example, Grunert et al., 2014, Jaffry et al., 2004, Roheim et al., 2011, Innes and 

Hobbs, 2011, Roheim and Zhang, 2018). Much of this literature, however, examines these assurances 

in isolation, for example an assurance about sustainable fish and seafood harvesting methods, or 

sustainable crop production methods. A similarly rich literature has examined consumer willingness 

to pay for foods from specific origins, including a large number of studies on country of origin effects 

in food markets (see for example, Umberger et al., 2003, Loureiro and Umberger, 2007, Lim et al., 

2013, Balcombe et al., 2016). In reality, however, foods from a specific region often imbue a number 

of credence attributes, and teasing apart which of these attributes really matter to consumers is 

valuable from a regional development perspective, as is understanding the role that certification plays 

in a multi-attribute landscape. 
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These issues are particularly pertinent for the Arctic circumpolar region. The natural conditions in the 

Arctic, the pristine environment, and the relational tie to Indigenous cultures in many circumpolar 

Arctic nations, distinguish Arctic foods from other commercially available foods. Arctic foods include 

fish and seafood (e.g. Arctic char, Arctic shrimp, turbot, halibut), seal meat, whale, wild geese and 

ducks, and land-based species such as muskox, caribou (reindeer), and moose. 

 

Consumers may associate the Arctic origin with images of a pristine environment and the natural 

condition. Due to the deep cycles of the seasons and specific ecological conditions, food 

production and processing systems in the Arctic region would not be possible unless practised in a 

sustainable manner (Sustainable Development Working Group, 2017). The potential exists, therefore, 

to differentiate Arctic foods based on their unique geographic origin, traditional harvesting methods, 

and a connection with Indigenous cultures. Little is known about how consumers outside the Arctic 

region perceive Arctic foods, what factors would motivate their purchase of these foods, and the 

extent to which certification of attributes such as sustainability, authenticity, and origin contributes to 

willingness to pay. 

 

We examine these issues in the context of the Canadian Arctic. Drawing upon data from a Canadian 

consumer survey conducted in 2018, our analysis addresses three research questions: 

 

• RQ 1: HOW DO CONSUMERS IN MARKETS OUTSIDE THE ARCTIC REGION 

PERCEIVE ARCTIC FOODS? 

 

We identify purchase motivations for Arctic foods in Canada. Specifically, we seek to understand to 

what extent consumers perceive Arctic foods to represent a unique origin, the use of sustainable 

production methods, a connection with Indigenous cultures, and perceptions related to taste, quality 

and healthiness, as well as potential impacts on the Arctic environment and economy. 

 

• RQ 2: WHAT ATTRIBUTES ARE IMPORTANT TO CONSUMERS WHEN 

PURCHASING ARCTIC FOODS? 

 

We explore whether there are opportunities to market Arctic foods based on their unique origin, and 

the role for certification of specific attributes. As with many other nations in the Arctic circumpolar 
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region (e.g. Norway, Sweden, Finland, Iceland, Denmark (Greenland), U.S. (Alaska)), fish and seafood 

products represent a significant portion of commercial food production in the Canadian Arctic 

(Sustainable Development Working Group, 2017). Arctic char is one of the major commercial 

fisheries in the Canadian Arctic (along with Greenland halibut and northern shrimp). We implement 

a hypothetical choice experiment featuring a purchase scenario for Arctic char products to understand 

consumers’ preferences for different product and certification attributes, including geographic origin, 

farmed Vs wild harvesting methods, Indigenous vs non-Indigenous producers, certification schemes, 

and price. 

 

• RQ 3: ARE CONSUMERS WILLING TO PAY A PREMIUM FOR ARCTIC FOODS 

(ARCTIC CHAR), AND DOES CERTIFICATION MATTER? 

 

Developing new markets for Arctic foods requires the existence of promising consumer segments 

who embrace these foods. Drawing upon advances in willingness-to-pay (WTP) methodologies, we 

assess consumers’ WTP values for Arctic char attributes, along with certification for sustainability, 

authenticity, or origin, based on stated preference data collected in the choice experiment. 

 

SUMMARY AND IMPLICATIONS 

 

The insights into consumers’ acceptance of Arctic foods inform strategies to promote the Arctic food 

system, both from a Canadian regional economic development context and across the broader Arctic 

circumpolar region. In this vein, we examine three fundamental questions related to Arctic foods. 

First, we find that the uniqueness of geographic origin, a pristine environment, cultural connection 

with Indigenous peoples, as well as the potential to promote regional economic development, are 

strong motivations for intentions to purchase Arctic foods (RQ 1). Focusing on Arctic char, we find 

that Canadian consumers are willing to pay a price premium for Arctic char produced in the Canadian 

Arctic or British Columbia, as well as wild-caught fish harvested by Indigenous fishers and certified 

for sustainability. Considerable heterogeneity appears to exist, particularly with respect to the 

importance placed on certification for origin and authenticity in the presence of other attributes (RQ 

2 and RQ 3). 
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Findings of this research have important implications for the industry and for policymakers, many of 

which may be generalizable to the broader Arctic circumpolar region. The Arctic is a unique food-

producing region with the potential for location-specific price premiums among consumers. Demand 

is growing generally for niche food products that are sustainable, authentic, and with their own stories. 

As such, opportunities exist to expand niche markets for Arctic foods by highlighting their distinctive 

characteristics, such as the natural environment, Indigenous cultural and historical associations, and 

the potential to improve local economic conditions in northern regions. The attitudinal analysis 

confirms these factors are important to consumers (as do the positive responses to Indigenous fishers 

and wild-caught in the choice experiment). Nevertheless, given the dominance of country of origin 

(Canadian) over regional (Arctic vs British Columbia) effects in the choice experiment, further 

emphasis on the distinctive characteristics of the Canadian Arctic region will be necessary in regional 

branding initiatives. 

 

The analysis contributes to the literature on consumer willingness to pay for certification through a 

consideration of certification for sustainability, authenticity, and origin in the presence of multiple 

credence attributes. As consumers are less experienced with Arctic food products, effective 

certifications, especially regional certification programs for the Arctic, may be particularly important 

to reduce information asymmetry for consumers. There already exist a large number of certification 

programs for food products, such as sustainability labels and organic certification. However, it has 

been suggested that consumers’ understanding and use of these labels are relatively low (Grunert et 

al., 2014). Thus, any certification scheme focused on Arctic foods would need to be accompanied by 

efforts to increase consumers’ awareness and understanding of what the certification scheme entails 

and the types of unique assurances it provides. To be effective information would need to be furnished 

to consumers highlighting how an Arctic regional certification program differs from other certification 

schemes and justifying the necessity of adding an additional certification to an already potentially 

crowded food information market. 

 

From a broader policy perspective, the results also point to the potential for amended seafood labelling 

regulations in Canada. The current seafood labelling policy requires only information on the common 

species name and the country of final processing (Roebuck et al., 2017). We find that consumers value 

information on geographic origin, production method, and producers of seafood products. Thus, any 

revisions to seafood labelling regulations could consider incorporating this information into new 
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seafood labels to help consumers make more informed choices if the private market fails to provide 

this information. 

 

REFERENCE LIST AND EXTENDED DISCUSSION CAN BE FOUND AT: YANG, 

YANG*, JILL HOBBS AND DAVID C. NATCHER, 2020. ASSESSING CONSUMER 

WILLINGNESS TO PAY FOR ARCTIC FOOD PRODUCTS. FOOD POLICY 
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THE ARCTIC AS A FOOD PRODUCING REGION: CONSUMER 

PERCEPTIONS AND MARKET SEGMENTS 

 

Yang, Yang, Jill Hobbs and David Natcher 

 

INTRODUCTION 

 

Many consumers want foods that are healthy, sustainable, and have a story behind them 

(Hobbs, 2019). Foods originating from the Arctic reflect many of these unique properties. The natural 

conditions in the Arctic region, the pristine environment, and the strong association with Indigenous 

cultures, all distinguish Arctic foods from other commercially produced foods more readily available 

to Canadian consumers. Building upon a positive collective reputation of the Arctic as a sustainable 

food producing region offers promise as a regional economic development strategy. 

 

Notwithstanding international demand, there is a sense among Canadian Arctic food producers that 

the Canadian Arctic is not meeting its full domestic potential, nor is it maximizing domestic markets 

in provincial Canada (Laurence, Chabot, Valmary, Lyons, & Kusmu, 2019). Beyond our initial research 

in Yang, Hobbs, and Natcher (2020), very little is known about how Canadian consumers in the south 

perceive the Arctic as a food producing region or about how they would respond to Arctic foods if 

they were more readily available in retail outlets. A number of characteristics potentially differentiate 

Arctic foods and represent novel credence attributes, including the relational tie with Indigenous 

cultures and the unique natural environment of the Canadian North. Consumers may lack familiarity 

with some of the more unusual types of foods from the Arctic, and therefore, openness to new food 

experiences is also a relevant consideration. 

 

This paper builds upon our previous work in Yang et al. (2020), addressing a new set of research 

questions pertaining to heterogeneity in consumer preferences. In Yang et al. (2020), we explore how 

consumers perceive the Arctic generally as a food producing region, the attributes that are important 

to consumers in purchasing arctic foods, and we assess “average” willingness values for arctic char, 

including certification attributes. In this paper, we explore the nature of heterogeneity in consumer 
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preferences, detailing the profiles of distinct consumer segments for Arctic char in Canada based on 

psychological and sociodemographic characteristics, drilling down into the factors behind 

heterogeneity in consumer responses. Given the different focus of the two papers, they also differ in 

their empirical approach. Both papers include a benchmark multinomial logit (MNL) model; however, 

while Yang et al. (2020) uses random parameters and generalized mixed logit models to assess 

consumer preferences in general, measuring “average” willingness to pay values across the sample, 

here we make use of a latent class model (LCM) to examine heterogeneity in preferences across 

consumer segments and estimate class-specific willingness-to-pay values drawing upon additional sets 

of data pertaining to sociodemographics and attitudinal factors. 

 

Using data from a survey of Canadian consumers featuring a discrete choice experiment, we employ 

an LCM to examine consumer responses to Arctic food and identify consumer segments with distinct 

preferences for different Arctic food attributes. The discrete choice experiment simulates a purchase 

decision for a seafood product (Arctic char). We identify three groups (classes) of consumers who 

differ in the relative importance placed on geographic origin, Indigenous origin, certification, and wild 

harvested (vs. farmed) attributes in the choice experiment. A class membership model explores the 

sociodemographic and psychographic characteristics differentiating consumers across these three 

groups, including their prior perceptions of the Arctic as a food producing region with respect to 

quality expectations, environmental and social impacts, Indigenous cultural origins, health, moral, and 

price concerns. We use the food neophobia scale (FNS) to capture the influence of openness to new 

and unfamiliar foods on consumer heterogeneity across the three classes. 

 

This paper offers additional insights into Canadian consumer perceptions of Arctic foods and the 

ways in which Canadians differ in the relative importance placed on Indigenous cultural origin, 

geographic origin, and the certification of sustainability and authenticity in the context of Arctic foods. 

The findings of this research will be informative to new federal programs that are being introduced to 

advance infrastructure development and investment in the northern food sectors (e.g., Inclusive 

Diversification and Economic Advancement in the North). The analysis also offers insights into 

consumer responses to a novel type of credence attribute related to the ethnicity of producers. While 

much of the food economics literature has focused on credence attributes related to production 

methods (e.g., organic, cage-free, natural), increasingly newer types of credence attributes are 
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emerging. Applied economic analysis has much to offer in understanding the potential for 

differentiating food on the basis of these novel credence attributes. 

 

SUMMARY AND IMPLICATIONS 

 

The Arctic is a unique food producing region, with distinct foods and a number of credence attributes 

that provide a promising basis upon which to differentiate foods from the region. Consumers are 

increasingly interested in where their food comes from, how and by whom it was produced. Much of 

the food produced in the Canadian Arctic has a strong tie with Indigenous cultures and communities, 

is produced or harvested in a pristine environment, and features species not commonly consumed in 

other parts of Canada. Existing commercial food enterprises are dotted throughout the Canadian 

Arctic and further development of commercial food enterprises by Indigenous communities and their 

representative governments is recognized as a promising economic development strategy. 

Nevertheless, relatively little is known about how consumers in other parts of Canada perceive the 

Arctic as a food producing region, or about how consumers might respond to foods marketed with 

credence attributes specific to the region, including a tie with Indigenous cultures (Yang et al., 2020). 

Of particular interest in this paper is exploring the underlying heterogeneity in consumer responses to 

Arctic foods across these credence attributes. We find that consumers differ with respect to the relative 

importance they place on region of origin, on wild-caught (harvested) versus farmed, on Indigenous 

versus non-Indigenous producers, and on certification for sustainability and authenticity. 

 

Arctic food producers and regional economic development initiatives have a number of avenues 

through which to promote Arctic foods to consumers in the south. Our results show that consumers 

respond positively to seafood identified as originating from the Canadian Arctic, and this holds true 

across consumer segments. Nevertheless, for some consumers, seafood produced in other parts of 

Canada (e.g., British Columbia) is equally attractive, suggesting that efforts to build upon positive 

associations between the Canadian Arctic and credence qualities such as naturalness, the environment, 

and sustainability may be effective elements of a differentiation strategy. 

 

Our results show that identifying a seafood as produced by Indigenous fishers increased the likelihood 

of consumers choosing that product, a result that was robust across all consumer segments. There are 

many potential reasons that an “Indigenous fishers” label resonates with survey respondents, and 
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further research is needed to fully unpack what may be driving this response. Indeed, we find that 

perceptions of Arctic foods as strongly and positively associated with an Indigenous cultural origin 

are not a significant determinant of class membership in the LCM, suggesting that consumers hold 

relatively common views (positively or negatively) in this regard, and thus, we cannot distinguish 

between consumer segments on this basis. Nevertheless, our analysis suggests positive and consistent 

preferences for food identified as coming from “Indigenous” producers. More broadly, this analysis 

suggests that there is scope to expand applied economics research into the value provided by novel 

credence attributes tied to ethnicity and cultural identity. 

 

Across the sample on average in the MNL, and for the “embracers” (Class 1) and “skeptics” (Class 

2), the most valued credence attribute is wild (harvested) versus farmed. It is clear that for some 

consumers, notably our class 1 “embracers” who hold very strong preferences in this regard, this 

attribute dominates purchase intentions, and indeed, also resonates strongly with our class 3 

“skeptics.” With very limited exceptions,12 all commercial food produced in the Canadian Arctic is 

wild-caught/harvested rather than farmed, suggesting that this dimension has considerable potential 

as a point of differentiation for Arctic foods. A notable point of departure among consumers revolves 

around whether and what type of certification matters, with implications for any future regional 

certification programs considered as a component of Arctic regional economic development 

strategies. Simply certifying geographic origin (Canadian Arctic, BC, Alaska) held little appeal to our 

survey respondents, despite the fact that origin, in and of itself, is an important consideration for many 

respondents. Instead, what appears to resonate is certification with a tighter focus on specific elements 

such as sustainability and authenticity. Even so, consumers are heterogeneous in their responses to 

certification of credence attributes. An opportunity exists for the Arctic food sector to consider how 

best to credibly signal to consumers the presence of attributes such as sustainability and authenticity.  
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 45 

LIFE CYCLE ASSESSMENT OF FISHING VESSELS EXPORTING FISH FROM 

THE ARCTIC 

 

Shima Oveisi, Mazaher Moeinaddini and David Natcher 

 

INTRODUCTION 

 

The global demand for seafood has placed increasing pressure on fishing operations, particularly in 

remote regions such as the Arctic. As environmental concerns about greenhouse gas (GHG) emissions 

and climate change intensify, the fishing industry is facing greater scrutiny regarding its carbon 

footprint   (Liu et al., 2024). One effective method to evaluate the environmental impacts of fisheries 

is the Life Cycle Assessment (LCA), which provides a comprehensive approach to assessing the 

environmental impacts of products and processes across their entire life cycle, from production to 

disposal. In the case of fishing vessels, LCA allows for the identification of key environmental 

hotspots, enabling more informed decisions for mitigating impacts (Iribarren et al., 2010; Ruiz-Salmón 

et al., 2021). 

 

Fishing vessels are integral to the seafood supply chain, and their operational activities contribute to 

environmental impacts, especially in terms of fuel consumption and emissions. Recent studies 

highlight the substantial environmental footprint of fishing vessels, particularly in terms of GHG 

emissions, which are largely attributed to fuel use during the fishing, transport, and storage stages 

(Avadi & Fréon, 2013). Furthermore, other inputs such as packaging materials and energy use during 

storage and refrigeration also contribute to the overall environmental impacts (Alvarado, 2020). 

 

The Canadian Arctic fishery is a vital contributor to the regional and national economy, with marine 

products such as turbot, Arctic char, and shrimp constituting 89% of food exports from the Arctic 

region. Between 1988 and 2023, Arctic fisheries exported 3.91 million tons of seafood generating over 

$20.7 billion in revenue. Yet due to the lack of landing sites in the Canadian Arctic, most fishing vessels 

offload their catch in southern-based ports (e.g., St. John’s, Newfoundland), for processing and 

transport to domestic and international markets, with the United States, China, and Japan being the 

leading importers of Canadian Arctic seafood. These logistical and economic dynamics highlight the 
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need for an in-depth understanding of the environmental impacts of fishing operations in the region 

(Fisheries and Oceans Canada, 2024; Natcher, 2024).The Canadian Arctic region, characterized by its 

remoteness and extreme environment, presents unique challenges for fishing operations (Arctic 

Council, 2021). These challenges include longer transport distances, adapting to weather and ice 

conditions, and reliance on fossil fuels for both fishing and transport activities.  

 

This research employed an LCA of the carbon footprint of fishing vessels exporting fish from the 

Canadian Arctic to international markets, focusing on the impacts of diesel fuel use, packaging 

materials, and other operational factors such as water and electricity consumption (Parker et al., 2015, 

2018). In addition to examining the direct GHG emissions from fishing vessels, this study also 

considers other environmental impact categories, such as marine eutrophication, freshwater 

eutrophication, and human toxicity (Parker et al., 2018). Unlike previous research that primarily 

examines the ecological impacts of fisheries or shipping independently, this work integrates the entire 

supply chain from catch to export, emphasizing the unique challenges of Arctic conditions. By utilizing 

data on fuel consumption, refrigeration, and waste management, the analysis provides a 

comprehensive perspective on the carbon footprint of this sector. The primary goal is to identify key 

emissions and support the development of more sustainable fishing and export practices tailored to 

the Arctic's technical, economic, and environmental conditions. Further, by using the ReCiPe method 

for impact assessment, the research aims to provide a detailed understanding of the environmental 

footprint of Arctic fishing vessels and identify key areas for improvement (Hélias et al., 2023; Iribarren 

et al., 2010). Understanding the sustainability of Canadian Arctic fisheries is crucial for reducing the 

environmental impact while ensuring their role in the global food system (Arnaut & Østergaard, 

2023).Through this analysis, the study contributes to a more informed understanding of the 

sustainability of Canadian Arctic fisheries and their role in global food systems. The analysis provides 

insights into how the fishing industry can reduce its environmental footprint and work toward 

achieving more sustainable practices, particularly in the context of Canadian Arctic fisheries, where 

environmental impacts may be exacerbated by the region’s unique conditions. 

  

SUMMARY AND IMPLICATIONS 

 

This study used LCA to evaluate the Carbon footprint impacts of fishing vessels used for exporting 

fish from the Canadian Arctic, focusing on key impact categories such as global warming, resource 
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depletion, and marine eutrophication. The results show that diesel consumption is the dominant 

contributor to global warming, accounting for 89.2% of the total impact. Other materials, such as 

packaging film and waste paperboard, contribute to resource depletion and marine ecotoxicity but 

have a significantly lower impact. Additionally, water consumption, although minimal, contributes to 

freshwater eutrophication and highlights the importance of efficient wastewater treatment in fishing 

vessel operations. The sensitivity analysis demonstrated that even a 10% reduction in diesel 

consumption leads to noticeable improvements across several impact categories, with the largest 

reductions observed in fossil resource scarcity (8.4%), marine ecotoxicity (8.08%), and global warming 

(0.51%). This suggests that small reductions in fuel consumption can yield significant environmental 

benefits, especially when combined with improvements in energy efficiency and packaging 

management. Reducing fuel consumption, transitioning to alternative energy sources, and optimizing 

waste management strategies, such as improving recycling rates for packaging materials, are critical 

steps toward reducing the Carbon footprint and minimizing the environmental impacts of fishing 

vessel operations. The findings emphasize the need for Carbon footprint reduction strategies, 

particularly fuel efficiency improvements, alternative propulsion technologies (hybrid/electric vessels), 

and optimized fisheries management to mitigate diesel-related emissions in Arctic fishing operations. 

Future research should focus on exploring the potential for renewable energy integration, further 

improving fuel efficiency, and addressing ecosystem impacts of waste disposal in Arctic waters. Future 

research should focus on exploring the potential for renewable energy integration, further improving 

fuel efficiency, and addressing ecosystem impacts of waste disposal in Arctic waters. In conclusion, 

this paper provides valuable insights into the Carbon footprint impacts of fishing vessels operating in 

the Arctic and highlights opportunities for sustainability improvements in this critical industry. The 

findings contribute to the broader goal of mitigating climate change and fostering more sustainable 

fisheries management in the face of increasing global demand for Arctic resources. 
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Figure 1. Graphical Abstract of Study 
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OPTIMAL CROPPING PATTERNS SECURING AGRICULTURAL BENEFITS 

ON POTENTIAL ARABLE LAND IN NORTHERN HIGH LATITUDES 

UNDER CLIMATE CHANGE 

 

Lina Wu and David Natcher 

INTRODUCTION 

 

Global warming is currently observed and likely to accelerate in the future, with the IPCC (2023) 

projecting a temperature increase of at least 1.5 °C by 2040 and 3.3–5.7 °C by 2100 under high-

emission pathways. The Arctic, despite its minimal contribution to greenhouse gas emissions, faces 

disproportionate impacts, warming at rates exceeding the global average over the past 50 years. This 

trend is expected to continue, driving significant changes in precipitation, flooding, erosion, snow, and 

sea ice cover (IPCC, 2021), which have disrupted the social and economic conditions of Arctic 

communities (Pescaroli & Alexander, 2016). 

 

Notwithstanding the negative impacts that are projected to arise from a warming climate, some 

benefits, particularly in high-latitude agriculture, may be derived. For example, Franks and colleagues 

(2021) suggested that a warming climate has the potential to expand agricultural opportunities by 

making land more suitable for farming in colder regions. King et al. (2018) projected that by 2100, the 

northern margin of the agricultural climate could shift northwards by an average of 500 km and, under 

some scenarios, as much as 1,200 km northward. Cassidy et al. (2013) estimated that this expansion 

could be as high as 10–20% of the northern areas by 2100. In Canada, climate change is projected to 

extend growing seasons by as much as 20 - 40 days (Pedler et al., 2015), which will allow for agricultural 

expansion into boreal regions (KC et al., 2021) and the adoption of crops historically cultivated in 

warmer southern regions (Wiréhn, 2018).  With this expansion potential, Unc et al. (2021) suggested 

that northern agriculture could become an important net contributor to global food security before 

the end of the 21st century. 

 

With this potential in mind, the Canadian and territorial governments are making significant 

investments in northern agriculture and agri-food development. For example, through the Canadian 

Agriculture Partnership, the Government of the Northwest Territories has made a 5-year (2023-2028) 
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$7.6 million investment aimed at strengthening the resiliency of the Territories’s  agri-food sector 

(Government of Northwest Territories, 2023).  Support for the agri-food sector was motivated by the 

promise of enhanced farm production that can alleviate food insecurity, create greater food 

independence, and further develop and diversify the territorial economy (Government of Northwest 

Territories, 2016). As noted by McLeod, Member of NWT Parliament, “the Canadian Agricultural 

Partnership will equip the Northwest Territories’ agriculture industry with the tools for prosperity, 

while cultivating new opportunities for sustainable growth.” These investments are based on the 

optimistically envisioned expansion of northern agriculture and the positive effects of a warming 

climate (Lemay et al., 2021; Price et al., 2022). However, the intricate interactions between climate, 

soil, and crop characteristics must be thoroughly studied to fully comprehend both the limitations and 

potential of agricultural development in northern high latitudes. 

 

Few studies have addressed the issue of “climate-driven agricultural frontiers.” Hannah et al. (2020) 

found that more than 30% of potential agricultural land is located in circumboreal and mountainous 

regions of the world. The preprint findings of Heikonen et al. (2024) suggested an increasing potential 

crop diversity in mid-to-high latitudes at all warming levels (up to 5°C) while showing diminished crop 

diversity on half of the current cropped land in low latitudes at a global warming level of 2 °C. Specific 

to Canada, KC et al. (2021) estimated that ∼1.85 million km2 of land could be suitable for farming in 

Canada’s North, which, if cultivated, would potentially emit ∼15 gigatonnes of carbon, based on the 

climate change scenario projected by the Canadian Earth System Model (CanESM2) Representative 

Concentration Pathway 4.5.  

 

While these studies are valuable, they predominantly focus on identifying potential agricultural 

frontiers, assessing cropland suitability, and evaluating the environmental impacts of fully utilizing 

land for agriculture. However, the estimation of agricultural production potential or net returns from 

farm operations on undisturbed land in northern latitudes remains underexplored. Additionally, 

significant challenges persist in conducting large-scale spatial planning for potential agricultural 

development in the north, which is ecologically, politically, and culturally distinct from the well-

established agricultural areas in the south (Lemay et al., 2021). From the view of food production and 

economic opportunities, the first challenge lies in considerable uncertainties in the future climate and 

socio-economic development (e.g., food prices, input costs, and potential yield of varieties). Many 

studies addressing optimal cropping patterns in existing agricultural regions are based on deterministic 
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optimization, which assumes that all parameters and data are constant (Abdelkader and Elshorbagy, 

2021; Devineni et al., 2022; Liu et al., 2022). However, this approach can be misleading due to the 

inherent uncertainty of future conditions. Second, given that there are no large-scale field crops, 

namely, no field crop yield data in high-latitude areas of Canada, it is impossible to parameterize any 

complex, process-based crop models. Unc et al. (2021) argued that a critical knowledge gap exists in 

our understanding of how northern regions can best incorporate, adapt, and develop agronomic 

practices that accurately account for climate-induced expansion potential, arguing further that 

“sustainable agricultural expansion and intensification across northern regions requires deliberate 

planning based on factual research to achieve positive social benefits and neutral environmental 

impacts.”  

 

The study reported here is a response to that call and reflects our efforts to fill this critical knowledge 

gap through a modeling approach. We do so through a case study of the Northwest Territories 

(NWT), which is characterized by limited infrastructure and a low population density. In light of 

climate-driven opportunities for agricultural development in the NWT, this study employed 

counterfactual scenario analyses, seeking to answer the following questions. (i) How do biophysical 

conditions such as climate change and soil properties affect the potential rainfed crop yield in the 

NWT in historical and future periods? (ii) What areas are best suited for crop production? (iii)  How 

does climate change affect optimal cropping patterns and net profits at regional and territorial scales? 

  

SUMMARY AND IMPLICATIONS 

 

This study conducted counterfactual analyses to estimate the potential agricultural production in the 

Northwest Territories (NWT) under the baseline (2000-2019) and changing future (2040-2059, 2080-

2099). Linear programming was used to solve the large spatial problem of optimizing cropping 

patterns (where to grow which crop) with the objective of maximizing territorial net profits. The 

spatial-temporal variability of optimal cropping patterns was analyzed, and the potential agricultural 

production, as well as associated fuel demand and net profits at both the territorial and regional levels, 

were also estimated. Specifically, our findings indicate that Shared Socioeconomic Pathways (SSPs) in 

the 2090s intensify water deficit and reduce the average yields of crop varieties with shorter growing 

periods (maturing days < 95 days), with cereals experiencing the most yield reduction of up to 11%. 

Meanwhile, SSPs extend the frost-free days, and thereby reduce the risk of failure for crops with longer 
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growing periods (maturing days ≥ 95 days) by up to 30% for late maturing cereals and potatoes, 40% 

for flaxseed, 10% for canola and peas, and 12% for lentils, resulting in yield lift for these crops with 

flaxseed experiencing the largest yield increase by up to 32%. Lentils show robustness to climate 

change, consistently maintaining an average yield of 1.1 tonne/ha. Optimizing cropping patterns 

maintains stable territorial average net profits ($0.5 billion) under future climatic and economic 

uncertainties despite a 7% decrease from the baseline. Nevertheless, fuel demand increases by 3% in 

the 2050s and 5% in the 2090s, broadly aligning with the shift from lentils to flaxseed rather than total 

land allocated for agricultural use or total food production. Whereas climate change significantly alters 

the spatial distribution of crops, the land share of canola at the territorial level remains robust under 

future uncertainties, accounting for 35% of potential agricultural land in the NWT. In addition, global 

sensitivity analysis reveals that the optimal cropping patterns and total net profits are most sensitive 

to the price of lentils. On the other hand, our study indicates that the Slave River Lowland Area and 

the Hay River Valley Area benefit from climate change-induced shifts in cropping patterns within the 

constraints of food demand and crop diversity, with net profits increasing by up to 30% and 31% 

respectively in the 2050s while 36% and 26% respectively in the 2090s. In contrast, the Liard-

Mackenzie River Area is primarily adversely affected, with the net profits decreasing by up to 25% in 

the 2050s and 36% in the 2090s, while the impacts on the Upper Mackenzie River Area are mixed. 

Additionally, climate change is likely to increase regional crop diversity within the NWT in the 2050s; 

however, this diversity further declines in the 2090s.  

 

Climate change significantly reduces the risk of failure for late-maturing crop varieties, which possess 

higher yield potential but extend the water stress period, leading to greater yield gaps. Crop varieties 

with longer growing periods are likely to be exposed to longer periods of water deficits, leading to 

larger yield losses, and warming amplifies this effect. As an adaptation to a warming climate, a shift 

from early to late maturing cultivars has been observed in northernmost Europe, and the farmers are 

increasingly interested in expanding the cultivation of late maturing crops due to their higher potential 

yields (Peltonen-Sainio et al., 2013). However, the selection of late-maturing crop varieties should 

carefully consider whether their enhanced yield potential can sufficiently compensate for the trade-

offs associated with increased water stress.  

 

Optimizing cropping patterns enhances agricultural resilience under climate change and maintains 

stable economic profits despite climatic and economic uncertainties. Fuel demand in agricultural 
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planning is closely tied to cropping patterns rather than total suitable land or food production. 

However, focusing solely on economic objectives in cropping pattern optimization may reduce 

resource use efficiency, particularly energy. Canola and oats dominate cropping patterns under 

baseline and future climates, with canola's spatial distribution significantly altered by climate change. 

Despite this, optimal land allocation for canola remains robust, introducing uncertainties for crops 

like oats, lentils, flaxseed, and wheat. Global sensitivity analysis identifies lentil prices as the most 

influential factor affecting cropping patterns and net profit, aligning with Devineni et al. (2022), who 

noted the sensitivity of pulse distribution to net revenue variations.   

 

The spatial and temporal distribution of crops is influenced by interactions between climate, soil 

properties, and crop traits. With increased warming, soil water capacity becomes critical for sustaining 

crop productivity, favoring high-value crops like canola in areas with greater water-holding capacity 

(Hatfield et al., 2011). This study projects a shift in canola cultivation from the Liard-Mackenzie River 

area under baseline conditions to the Slave River Lowland area under medium and high carbon 

emission scenarios by the 2090s. These shifts significantly impact regional net profits, with the Slave 

River Lowland and Hay River Valley areas benefiting, while the Liard-Mackenzie area experiences 

adverse effects. Impacts in the Upper Mackenzie area are mixed. Moreover, climate change affects 

regional crop diversity within the NWT in pursuing the maximum economic benefits. Warmer 

temperatures and altered precipitation patterns in the near future may enable crops with longer 

growing periods to produce sufficient yields that result in net profits. However, intensified water stress 

from exacerbated warming in the far future leads to a decline in the diversity of crops that can produce 

profitable yields.  
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