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Preparing for the impacts of climate change along Canada’s Arctic coast: The importance 
of search and rescue 

 
Abstract: The Arctic is undergoing transformative climate change, with profound implications for 
transportation safety in marine areas. Circumpolar marine risks are growing due to ship traffic 

increases linked to more ice-free open water, as well as increases in hazards for individuals that 
frequently travel on ice and trails in the region. While recent Government of Canada policies have 

attempted to respond to the growing risk of marine and coastal emergencies, there is strong 
evidence that the federal government and communities along Canada’s Arctic coast are minimally 
prepared for the emerging risks. In this Short Communication, we argue that Canada is falling 

short of its international and national obligations to provide timely search and rescue across the 
Arctic, to the detriment of Arctic communities. Drawing from recently published reports and 

literature, we argue that providing additional training, resources, and support for volunteer SAR 
groups across the region is critical, along with increasing federal air and marine resources 
committed to the region. Such investments need underpin Canada’s approach to climate change 
adaptation in the North. 
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In 2011, Canada signed the Arctic Search and Rescue Agreement, agreeing to “promote the  

establishment, operation and maintenance of an adequate and effective search and rescue  
capability” within the Canadian Arctic [1]. Further, Canada agreed to “ensure that assistance be 
provided to any person in distress… regardless of the nationality or status of such a person or the 
circumstances in which that person is found.” The agreement has been a benchmark  for successful 
international cooperation by the Arctic Council [2], but has not markedly improved search and 

rescue (SAR) response capacity in Canada’s response region or the burden of weekly small-sca le 
search and rescues felt by those living in the Canadian Arctic [3].  

 
Annually there are more than 1000 people in Canada above 55oN that require SAR assistance,  
nearly 20% of whom are facing medical emergencies, and at a rate of 7.81 per 1000, SAR incidence 

is 16.4 times the Canadian average [4]. While SAR data in northern Canada is patchy, data that 
are available indicate that SAR rates are increasing over time [3-5], and a recent report by the 

Canadian Senate identifies significant concerns over the capacity of existing SAR systems to cope 
with increased risks associated with climate change and increasing use of Arctic marine 
environments [3].  

 
Canada’s Arctic coastline extends more than 176 000 km, and is home to 58 remote and small 

communities [6]. More than 70 000 people live in the region, the majority of whom are Inuit, First 
Nations or Métis. The presence of sea ice is a defining feature for much of the year along the of 
the Arctic coast, which is characterized by long, extremely cold winters interrupted by short, cool 

summers [6]. The majority of SAR incidents along the Arctic coast are associated with the use of 
transportation networks in marine environments, with few permanent roads linking the Arctic coast 

to southern Canada [3, 7]. This includes commercial traffic associated with bulk shipping, cruise 
ships, oil and gas development, and fisheries, and is most common in the ice-free open water 



season, although may involve the use of ice breakers for accessing mine sites and other forms of 
transport (e.g. aviation). Unmaintained semi-permanent transportation routes on the sea ice are 

also widely used for travelling between settlements, to cultural sites, and for practicing traditiona l 
hunting, fishing, and gathering activities which retain significant cultural and economic 

importance [8-11]. Such activities involve individuals travelling often hundreds of kilometers in 
remote regions by snowmobile, all-terrain vehicle, or boat, with the majority of search and rescues 
being for individuals using these semi-permanent trails [12].  

 
Transportation networks along Canada’s Arctic coastline are highly climate sensitive [11]. Sea ice, 

for example, provides both a platform for semi-permanent trails and an obstacle to shipping, with 
the extent, duration, and stability of ice varying annually. Herein, climate change is affecting 
transportation networks across the circumpolar north, which for several decades has been 

undergoing transformative change in climatic conditions [11, 13]. This includes a circumpo lar 
warming trend of 1.9°C documented over the last 30 years⸺a rate more than double the global 

average and exceeding 3C in parts of the Canadian Arctic⸺and dramatic changes in sea ice 
conditions, including later sea ice freeze up, earlier break up, and more ice free open water [6, 8, 
9, 14]. Declining ice extent and duration is already lengthening the shipping season along Canada’s 
Arctic coastline and opening up new transport routes (e.g. Northwest Passage), creating new 
opportunities for cruise tourism, fisheries, and community boat usage, while compromising the 

operating period for semi-permanent trails on the sea ice [15-22]. Models indicate that climate 
change will continue to be amplified in the Arctic [23], with Canada’s Arctic coast a global hotspot 
of warming [6]. Even if nations manage to limit warming globally to 1.5°C compared to pre-

industrial levels, warming of 4°C-6°C and more extreme weather events are still anticipated in the 
Arctic along with continuing change in sea ice conditions [14, 24-27]. Responding to these risks 

through adaptation will thus be essential, as highlighted recently in the IPCCs Special Report on 
the impacts of global warming of 1.5°C [28].   
 

These climate trends have significant implications for SAR. Maritime traffic along Canada’s 
Arctic coastline is anticipated to increase rapidly due to longer ice-free seasons, bringing with it 

ship crews unfamiliar with the region and cruise ships of 200 to 1000 passengers, resulting in a 
higher risk of mishaps and disasters [2, 17, 29]. Thinner and more dangerous ice conditions have 
already been observed to be increasing SAR associated with the use of semi-permanent trails in 

the territory of Nunavut [25], with studies highlighting that climate impacts are being exacerbated 
by reduced transmission of land skills to younger generations and the expense of safety equipment 

[30-34]. These emerging threats not only increase SAR needs, but are also increasing the risk of 
mass casualty incidents (MCIs). An MCI is defined as an event that overwhelms the emergency 
response system with the number or severity of injuries. Given emergency medical capacity, 

infrastructure, and community resource limitations, five qualifying trauma alert patients would 
overwhelm local and regional emergency resources in nearly all communities along Canada’s 
Arctic coastline [5]. Further, in the case of a shipload of passengers needing food, shelter, and 
evacuation communities would be massively impacted for a period of weeks to months. 
 

SAR response across Arctic Canada is provided by numerous actors and agencies. The Royal 
Canadian Air Force (RCAF) is responsible for aeronautical incidents; the Canadian Coast Guard 

(CCG) is responsible for marine incidents, and are usually only used when icebreakers are North 
during the summer; and provincial and territorial governments are responsible for searches for 



missing persons including those who are lost or overdue, commonly known as ground search and 
rescue (GSAR) [3]. While GSAR responses may involve RCAF and CCG resources (Figure 1), 

we estimate⸺based on an assessment of SAR data [7, 35]⸺that more than 90% of incidents across 
the region rely on ground searchers, nearly always community volunteers (Figure 2). 

 
 
 

 
Figure 1: While most search and rescues rely on ground searchers, in instances where the RCAF 

responds, it involves sending aircraft from air force bases in southern Canada such as the CC-130 
Hercules pictured here (photo credit: to be added on accetpance)  
 

 

 
Figure 2: Community volunteers are the cornerstone of SAR and first response across the 
Canadian Arctic (photo credit: to be added on accetpance)  
 

Most communities are minimally prepared and resourced for the current SAR demands, which is 
largely dependent on volunteers [3]. While the system benefits from the strong land knowledge 

and skills of volunteers, volunteers often have to use their own boat or snowmobile for SAR 
missions with only gas and oil reimbursements [7, 32, 36-38]. The recent addition of more CCG 
Auxiliary units has increased resources and tools but training available to most communit ies 

remains limited. Training that volunteers have observed as lacking includes first aid training, 
emergency management training, training on how to work with RCMP, and practice conducting 
multi-agency responses [7].   



 
Providing additional training, resources, and support for volunteer SAR groups across the region 

is critical as they are nearly always the first responders and are an invaluable resource in ensuring 
quick and efficient response. Additional support and presence from RCAF and the CCG is also 

essential to ensure backup is readily available to ground searchers and for rapid response to MCIs. 
Challenges to coverage across the North from RCAF (Figure 3) are anticipated to be exacerbated 
when the C-295 replaces the CC-130 unless aircraft are stationed farther north, with the new planes 

scheduled to be delivered in late 2019 [39].  

 
Figure 3: In-air response time for emergency response / search and rescue support from the 
absolute closest air base with that asset, overlaid on location of 2014 search and rescue incidents  

north of 55oN. Of all 2014 search and rescue incidents above 55oN, 61% were within 75km of the 
coast.  
 

Many communities are responding to increasing SAR incidents with prevention programs that 
emphasize providing avenues for youth to learn traditional land and navigation skills from Elders 

[38, 40]. Communities and territories are also promoting safety by lending out satellite beacons 
and also subsidizing equipment and gasoline costs through hunter support programs. Additiona l 
efforts are needed, however, including further reducing financial barriers for purchasing safety 

gear, building marine-band and CB repeater towers near communities, continuing to subsidize 
satellite beacon use, and funding programs that allow youth to learn traditional land skills. Yet 

resource challenges remain a pervasive barrier, as noted in testimony given to the Canadian Senate 
Standing Committee as part of its investigation of Maritime Search and Rescue activities [41]: 
 

“It’s the lack of allocation of resources. At the end of the day, it’s dollar signs as opposed 
to anything else. The government needs to shift its centre of gravity toward the North 
because the is opening up….. Unfortunately, as you say, it will probably require a major 

disaster, a major loss of life, headlines across the world, “Canada failed,” for the 
government to put assets in the North.” Col. LeBlanc, 15th February 2018  

 
The goals by which Canada has agreed to in the Arctic Search and Rescue Agreement of timely 
and equal response to all emergencies should translate to intra-national response with significant 

differences in SAR and medical care between northern and southern Canada, with some Arctic 



communities over 9 hours from basic prehospital medical care. It is likely that the case load as 
well as severity will increase in the coming decade with climate change and increasing use of 

Arctic marine environments. Building resilience and improving search and rescue is essential for 
meeting these challenges, and needs to underpin Canada’s approach to climate change adaptation 
in the North.  
 
Declaration of interests  

We declare no competing interests 
 

 

[1] Arctic Council, AGREEMENT ON COOPERATION ON AERONAUTICAL AND MARITIME SEARCH 

AND RESCUE IN THE ARCTIC,  (2011). 

[2] S.M. Kao, N.S. Pearre, J. Firestone, Adoption of the arctic search and rescue agreement: A 

shift of the arctic regime toward a hard law basis?, Marine Policy 36(3) (2012) 832-838. 

[3] Standing Senate Committee on Fisheries and Oceans, Study on Maritime Search and Rescue 

activities, including current challenges and opportunities, The Standing Senate Committee on 

Fisheries and Oceans, Parliament of Canada, Ottawa, ON, 2018. 

[4] D.G. Clark, J.D. Ford, T. Pearce, L. Berrang-Ford, Vulnerability to injuries associated with 

land-use activities in Nunavut, Canada, Social science & medicine 169 (2016) 18-26. 

[5] D.G. Clark, J.D. Ford, Emergency response in a rapidly changing Arctic, Cmaj Canadian 

Medical Association Journal 189(4) (2017) E135-E136. 

[6] J.D. Ford, N. Couture, T. Bell, D.G. Clark, Climate change and Canada's north coast: research 

trends, progress, and future directions, Environmental Reviews 26(1) (2018) 82-92. 

[7] D.G. Clark, J.D. Ford, T. Tabish, What role can unmanned aerial vehicles play in emergency 

response in the Arctic: A case study from Canada, Plos One 13(12) (2018). 

[8] AMAP, Adaptation Actions for a Changing Arctic: Perspectives from the Baffin Bay-Davis 

Strait Region, in: A.C. Arctic Monitoring and Assessment Program (Ed.) 2018. 

[9] AMAP, Adaptation Actions for a Changing Arctic: Perspectives from the Bering-Chukchi-

Beaufort Region. Arctic Monitoring and Assessment Programme (AMAP), Oslo, Norway. xiv + 

255 pp, 2017. 

[10] J.N. Larsen, G. Fondahl, N.C.o. Ministers, N.C.o.M. Secretariat, Arctic Human Development 

Report: Regional Processes and Global Linkages (AHDR-II), 2015. http://norden.diva-

portal.org/smash/record.jsf?pid=diva2%3A788965&dswid=-907. (Accessed 23 February 2015. 

[11] J.D. Ford, D. Clarke, T. Pearce, L. Berrang-Ford, L. Copland, J. Dawson, M. New, S.L. Harper, 

Changing access to ice, land and water in Arctic communities, Nature Climate Change 9(4) 

(2019) 335-+. 

[12] D.G. Clark, J. Ford, D.,, L. Berrang-Ford, T. Pearce, W.A. Gough, S. Kowal, The role of 

environmental factors in search and rescue incidents in Nunavut, Canada, Public Health 

 (137) (2016) 44-49. 

[13] IPCC, Climate Change 2014: Impacts, Adaptation, and Vulnerability, in: W.G.I. IPCC Fifth 

Assessment Report (Ed.) 2014. 

[14] O. Hoegh-Guldberg, D. Jacob, M. Taylor, e. al., Chapter 3: Impacts of 1.5ºC global warming 

on natural and human systems, IPCC Special Report on the Impacts of 1.5C of Global Warming, 

2018. 

http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A788965&dswid=-907
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A788965&dswid=-907


[15] L. Pizzolato, S.E.L. Howell, C. Derksen, J. Dawson, L. Copland, Changing sea ice conditions 

and marine transportation activity in Canadian Arctic waters between 1990 and 2012, Climatic 

Change 123(2) (2014) 161-173. 

[16] S.R. Stephenson, L.C. Smith, J.A. Agnew, Divergent long-term trajectories of human access 

to the Arctic, Nature Climate Change 1(3) (2011) 156-160. 

[17] A.K.Y. Ng, J. Andrews, D. Babb, Y.F. Lin, A. Becker, Implications of climate change for 

shipping: Opening the Arctic seas, Wiley Interdisciplinary Reviews-Climate Change 9(2) (2018). 

[18] Y. Hori, W. Gough, B. Tam, L. Tsuji, Community Vulnerability to Changes in the Winter Road 

Viability and Longevity in the 

Western James Bay Region of Ontario's Far North, Regional Environmental Change  (In press). 

[19] T. Argounova-Low, M. Prisyazhnyi, Biography of a Road: Past and Present of the Siberian 

Doroga Lena, Development and Change 47(2) (2016) 367-387. 

[20] J. Dawson, E.J. Stewart, M.E. Johnston, C.J. Lemieux, Identifying and evaluating adaptation 

strategies for cruise tourism in Arctic Canada, Journal of Sustainable Tourism 24(10) (2016) 

1425-1441. 

[21] J. Dawson, M.E. Johnston, E.J. Stewart, Governance of Arctic expedition cruise ships in a 

time of rapid environmental and economic change, Ocean & Coastal Management 89 (2014) 

88-99. 

[22] M. Drewniak, D. Dalaklis, Expansion of Business Activities in the Arctic: The Issue of Search 

and Rescue Services, Ocean Yearbook 32(1) (2018) 427-455. 

[23] A. Council., 2016, in: S.E.I.a.S.R. Centre (Ed.) Arctic Resilience Report. 

[24] J.A. Screen, J.A. Francis, Contribution of sea-ice loss to Arctic amplification is regulated by 

Pacific Ocean decadal variability, Nature Climate Change 6(9) (2016) 856-+. 

[25] S.E. Chadburn, E.J. Burke, P.M. Cox, P. Friedlingstein, G. Hugelius, S. Westermann, An 

observation-based constraint on permafrost loss as a function of global warming, Nature 

Climate Change 7(5) (2017) 340-+. 

[26] B.M. Sanderson, Y.Y. Xu, C. Tebaldi, M. Wehner, B. O'Neill, A. Jahn, A.G. Pendergrass, F. 

Lehner, W.G. Strand, L. Lin, R. Knutti, J.F. Lamarque, Community climate simulations to assess 

avoided impacts in 1.5 and 2 degrees C futures, Earth System Dynamics 8(3) (2017) 827-847. 

[27] E. Rosenblum, I. Eisenman, Sea Ice Trends in Climate Models Only Accurate in Runs with 

Biased Global Warming, Journal of Climate 30(16) (2017) 6265-6278. 

[28] H. de Coninck, A. Revi, M. Babiker, P  . Bertoldi, M. Buckeridge, A. Cartwright, W. Dong, S. J. 

Ford, J. Fuss, Hourcade, D. Ley, R. Mechler, P. Newman, A. Revokatova, S. Schultz, L. Steg, T. 

Sugiyama, Strengthening and implementing the global response., Global warming of 1.5°C. An 

IPCC Special Report on the impacts of global warming of 1.5°C above pre-industrial levels and 

related global greenhouse gas emission pathways, in the context of strengthening the global 

response to the threat of climate change, sustainable development, and efforts to eradicate 

poverty [V. Masson-Delmotte, P. Zhai, H. O. Pörtner, D. Roberts, J. Skea, P.R. Shukla, A. Pirani, 

W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. I. 

Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield (eds.)].2018. 

[29] J. Mileski, A. Gharehgozli, L. Ghoram, R. Swaney, Cooperation in developing a disaster 

prevention and response plan for Arctic shipping, Marine Policy 92 (2018) 131-137. 



[30] T. Pearce, J. Ford, A.C. Willox, B. Smit, Inuit Traditional Ecological Knowledge (TEK), 

Subsistence Hunting and Adaptation to Climate Change in the Canadian Arctic, Arctic 68(2) 

(2015) 233-245. 

[31] T. Pearce, H. Wright, R. Notania, A. Kudlak, B. Smit, J.D. Ford, C. Furgal, Transmission of 

Environmental Knowledge and Land Skills among Inuit Men in Ulukhaktok, Northwest 

Territories, Canada, Human Ecology  (2011). 

[32] J.D. Ford, T. Pearce, F. Duerden, C. Furgal, B. Smit, Climate change policy responses for 

Canada's Inuit population: The importance of and opportunities for adaptation, Global 

Environmental Change-Human and Policy Dimensions 20(1) (2010) 177-191. 

[33] A. Durkalec, C. Furgal, M.W. Skinner, T. Sheldon, Climate change influences on 

environment as a determinant of Indigenous health: Relationships to place, sea ice, and health 

in an Inuit community, Social Science & Medicine 136 (2015) 17-26. 

[34] L. Archer, J.D. Ford, T. Pearce, S. Kowal, W.A. Gough, M. Allurut, Longitudinal assessment of 

climate vulnerability: a case study from the Canadian Arctic, Sustainability Science 12(1) (2017) 

15-29. 

[35] D.G. Clark, J.D. Ford, L. Berrang-Ford, T. Pearce, S. Kowal, W.A. Gough, The role of 

environmental factors in search and rescue incidents in Nunavut, Canada, Public health 137 

(2016) 44-9. 

[36] D.G. Clark, J.D. Ford, T. Pearce, L. Berrang-Ford, Vulnerability to unintentional injuries 

associated with land-use activities and search and rescue in Nunavut, Canada, Social Science & 

Medicine 169 (2016) 18-26. 

[37] J.D. Ford, T. Pearce, B. Smit, J. Wandel, M. Allurut, K. Shappa, H. Ittusujurat, K. Qrunnut, 

Reducing vulnerability to climate change in the Arctic: The case of Nunavut, Canada, Arctic 

60(2) (2007) 150-166. 

[38] T. Pearce, J. Ford, A. Cunsolo Willox, B. Smit, Inuit Traditional Ecological Knowledge in 

Adaptation to Climate Change in the Canadian Arctic.  , Arctic 68(2) (2015) 233-245. 

[39] J.G.R. Leroux, The Arctic SAR Region: Frozen in Time, DND, Canadian Forces College, 

Ottawa, ON, 2017. 

[40] D. Fawcett, T. Pearce, R. Notaina, J.D. Ford, P. Collings, Inuit adaptability to changing 

environmental conditions over an 11-year period in Ulukhaktok, Northwest Territories, Polar 

Record 54(2) (2018) 119-132. 

[41] Standing, S.C.o.F.a. Oceans., Study on Maritime Search and Rescue   activities:   Evidence 

given on 15th February, 

2018. https://sencanada.ca/en/Content/SEN/Committee/421/pofo/53827-e 2018. 

  
 

https://sencanada.ca/en/Content/SEN/Committee/421/pofo/53827-e

