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                    Abstract
Objectives
During the period of June–September 2014, the Northwest Territories (NWT) experienced its worst wildfire season on record, with prolonged smoke events and poor air quality. In the context of climate change, this study sought to qualitatively explore the lived experience of the 2014 wildfire season among four communities in the NWT.
Methods
Our team conducted 30 semi-structured interviews in four communities (Yellowknife, N’Dilo, Detah, and Kakisa). Interviewees were purposively sampled to include a broad cross-section of backgrounds and experiences. Interviews were video recorded, and the audio portion of each interview was transcribed to facilitate analysis and theme generation.
Results
Interviewees reported how their experiences of evacuation and isolation as well as feelings of fear, stress, and uncertainty contributed to acute and long-term negative impacts for their mental and emotional well-being. Prolonged smoke events were linked to extended time indoors and respiratory problems. Livelihood and land-based activities were disrupted for some interviewees, which had negative consequences for mental, emotional, and physical well-being. Individual and community stories of adaptation and resilience prior to and during the summer, including the opening of indoor recreational spaces, were shared; however, there was consensus about the need for improved risk communication and coordination at the community and territorial levels to address similar events in the future.
Conclusion
Coordinated community-based education, communication, and adaptation initiatives that are inclusive of local knowledge, values, and context are needed to address the expressed needs of community members associated with prolonged smoke events and wildfire seasons.


Résumé
Objectifs
La période de juin à septembre 2014 a été la pire saison des incendies jamais enregistrée aux Territoires du Nord-Ouest, avec des épisodes de fumée prolongés et une mauvaise qualité de l’air. Dans le contexte des changements climatiques, notre étude visait à explorer de façon qualitative l’expérience vécue durant la saison des incendies de 2014 dans quatre localités des Territoires.
Méthode
Notre équipe a mené 30 entretiens semi-directifs dans quatre localités (Yellowknife, N’Dilo, Detah et Kakisa). Nous avons intentionnellement composé notre échantillon de personnes aux antécédents et aux expériences très diverses. Les entretiens ont été enregistrés sur support vidéo, et la portion audio de chaque entretien a été transcrite pour en faciliter l’analyse et en dégager les grands thèmes.
Résultats
Les personnes interrogées ont expliqué que leurs expériences d’évacuation et d’isolement et leurs sentiments de peur, de stress et d’incertitude ont eu des effets nuisibles aigus et prolongés sur leur bien-être mental et émotionnel. Les épisodes de fumée prolongés les ont amenées à passer beaucoup de temps à l’intérieur et ont été liés à des troubles respiratoires. Les activités terrestres et de subsistance de certaines des personnes interrogées ont été interrompues, ce qui a eu des conséquences négatives sur leur bien-être mental, émotionnel et physique. Des récits individuels et collectifs d’adaptation et de résilience avant et durant l’été, comme l’ouverture d’espaces récréatifs intérieurs, ont été partagées; un consensus s’est toutefois dégagé sur la nécessité d’améliorer la communication des risques et la coordination à l’échelle locale et territoriale pour faire face aux épisodes semblables à l’avenir.
Conclusion
Des initiatives communautaires de sensibilisation, de communication et d’adaptation coordonnées intégrant les connaissances, les valeurs et le contexte locaux sont nécessaires pour répondre aux besoins exprimés par les résidents en lien avec les épisodes de fumée prolongés et la saison des incendies.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        What can we do when the smoke rolls in? An exploratory qualitative analysis of the impacts of rural wildfire smoke on mental health and wellbeing, and opportunities for adaptation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         06 January 2022
                                    

                                

                                Anna Humphreys, Elizabeth G. Walker, … Nicole A. Errett

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Evacuating a First Nation Due to Wildfire Smoke: The Case of Dene Tha’ First Nation
                                        
                                    

                                    
                                        Article
                                         Open access
                                         12 June 2020
                                    

                                

                                Kyla D. Mottershead, Tara K. McGee & Amy Christianson

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Wildfire evacuation experiences of band members of Whitefish Lake First Nation 459, Alberta, Canada
                                        
                                    

                                    
                                        Article
                                        
                                         11 January 2019
                                    

                                

                                Amy Cardinal Christianson, Tara K. McGee & Whitefish Lake First Nation 459

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    Notes
	2016 census data from Statistics Canada





References
	Afifi, W. A., Felix, E. D., & Afifi, T. D. (2012). The impact of uncertainty and communal coping on mental health following natural disasters. Anxiety, Stress and Coping, 25(3), 329–347.
Article 
    
                    Google Scholar 
                

	Albrecht, G., Sartore, G.-M., Connor, L., Higginbotham, N., Freeman, S., Kelly, B., et al. (2007). Solastalgia: the distress caused by environmental change. Australasian Psychiatry, 15(sup1), S95–SS8.
Article 
    PubMed 
    
                    Google Scholar 
                

	Allen, R. W., Adar, S. D., Avol, M. C., Curl, C. L., Larson, T., Liu, L.-J. S., et al. (2012). Modeling the residential infiltration of outdoor PM2.5 in the Multi-Ethnic Study of Atherosclerosis and Air Pollution (MESA Air). Environmental Health Perspectives, 120(6), 824.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Beaumier, M. C., & Ford, J. D. (2010). Food insecurity among Inuit women exacerbated by socioeconomic stresses and climate change. Canadian Journal of Public Health, 196–201.

	Beverly, J. L., & Bothwell, P. (2011). Wildfire evacuations in Canada 1980–2007. Natural Hazards, 59(1), 571–596.
Article 
    
                    Google Scholar 
                

	Bihari, M., & Ryan, R. (2012). Influence of social capital on community preparedness for wildfires. Landscape and Urban Planning, 106(3), 253–261.
Article 
    
                    Google Scholar 
                

	Botey, A. P., & Kulig, J. C. (2014). Family functioning following wildfires: recovering from the 2011 Slave Lake fires. Journal of Child and Family Studies, 23(8), 1471–1483.
Article 
    
                    Google Scholar 
                

	Carroll, M. S., Cohn, P. J., Seesholtz, D. N., & Higgins, L. L. (2005). Fire as a galvanizing and fragmenting influence on communities: the case of the Rodeo–Chediski fire. Society and Natural Resources, 18(4), 301–320.
Article 
    
                    Google Scholar 
                

	CBC News 2014a. N.W.T. fires cost $1M a day, and there’s no end in sight [press release].

	CBC News 2014b. N.W.T. experiencing one of its worst fire seasons ever [press release].

	Christianson, A., Mcgee, T. K., & L'Hirondelle, L. (2014). The influence of culture on wildfire mitigation at Peavine Métis settlement, Alberta, Canada. Society & Natural Resources, 27(9), 931–947.
Article 
    
                    Google Scholar 
                

	Cochran, P., Huntington, O. H., Pungowiyi, C., Tom, S., Chapin, F. S., Huntington, H. P., et al. (2013). Indigenous frameworks for observing and responding to climate change in Alaska. Climatic Change, 120(3), 557–567.
Article 
    
                    Google Scholar 
                

	Cunsolo Willox, A., Harper, S. L., Ford, J. D., Landman, K., Houle, K., & Edge, V. L. (2012). “From this place and of this place:” climate change, sense of place, and health in Nunatsiavut, Canada. Social Science & Medicine, 75(3), 538–547.
Article 
    
                    Google Scholar 
                

	Cunsolo Willox, A., Harper, S. L., Edge, V. L., Landman, K., Houle, K., & Ford, J. D. (2013). The land enriches the soul: on climatic and environmental change, affect, and emotional health and well-being in Rigolet, Nunatsiavut, Canada. Emotion, Space and Society, 6, 14–24.
Article 
    
                    Google Scholar 
                

	Dennekamp, M., Straney, L. D., Erbas, B., Abramson, M. J., Keywood, M., Smith, K., et al. (2015). Forest fire smoke exposures and out-of-hospital cardiac arrests in Melbourne, Australia: a case-crossover study. Environmental Health Perspectives, 123(10), 959.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dix-Cooper, L. (2014). Evidence review: Reducing time outdoors during wildfire smoke events: advice to stay indoors, advice to reduce outdoor physical activity and cancelling outdoor events. BC Centre for Disease Control: Vancouver.

                    Google Scholar 
                

	Dodd, W., Howard, C., Rose, C., Scott, C., Scott, P., Cunsolo, A., & Orbinski, J. (2018). The summer of smoke: ecosocial and health impacts of a record wildfire season in the Northwest Territories, Canada. The Lancet Global Health, 6(supplement 2), S30.
Article 
    
                    Google Scholar 
                

	Eriksen, C., & Prior, T. (2013). Defining the importance of mental preparedness for risk communication and residents well-prepared for wildfire. International Journal of Disaster Risk Reduction, 6, 87–97.
Article 
    
                    Google Scholar 
                

	Fatima, S. (2014). Forest fires rage across the Northwest Territories. The Globe and Mail, 4, 2014.

                    Google Scholar 
                

	Fereday, J., & Muir-Cochrane, E. (2006). Demonstrating rigor using thematic analysis: a hybrid approach of inductive and deductive coding and theme development. International Journal of Qualitative Methods, 5(1), 80–92.
Article 
    
                    Google Scholar 
                

	Ford, J. D. (2009). Vulnerability of Inuit food systems to food insecurity as a consequence of climate change: a case study from Igloolik, Nunavut. Regional Environmental Change, 9(2), 83–100.
Article 
    
                    Google Scholar 
                

	Ford, J. D. (2012). Indigenous health and climate change. American Journal of Public Health, 102(7), 1260–1266.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ford, J. D., & Smit, B. (2004). A framework for assessing the vulnerability of communities in the Canadian Arctic to risks associated with climate change. Arctic, 389–400.

	Ford, J. D., Smit, B., & Wandel, J. (2006). Vulnerability to climate change in the Arctic: a case study from Arctic Bay, Canada. Global Environmental Change, 16(2), 145–160.
Article 
    
                    Google Scholar 
                

	Ford, J. D., Berrang-Ford, L., King, M., & Furgal, C. (2010). Vulnerability of aboriginal health systems in Canada to climate change. Global Environmental Change, 20(4), 668–680.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Haikerwal, A., Akram, M., Del Monaco, A., Smith, K., Sim, M. R., Meyer, M., et al. (2015). Impact of fine particulate matter (PM 2.5) exposure during wildfires on cardiovascular health outcomes. Journal of the American Heart Association, 4(7), e001653.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hanigan, I. C., Johnston, F. H., & Morgan, G. G. (2008). Vegetation fire smoke, indigenous status and cardio-respiratory hospital admissions in Darwin, Australia, 1996–2005: a time-series study. Environmental Health, 7(1), 42.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Howard, C., Rose, C., Dodd, W., Kohle, K., Scott, C., Scott, P., et al. (2018). SOS! Summer of Smoke: an examination of the health effects of a record wildfire season in Canada’s high-subarctic. Unpublished manuscript.

	Johnston, F. H., Bailie, R. S., Pilotto, L. S., & Hanigan, I. C. (2007). Ambient biomass smoke and cardio-respiratory hospital admissions in Darwin, Australia. BMC Public Health, 7(1), 240.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jones, B. A. (2017). Are we underestimating the economic costs of wildfire smoke? An investigation using the life satisfaction approach. Journal of Forest Economics, 27, 80–90.
Article 
    
                    Google Scholar 
                

	Jones, B. A., Thacher, J. A., Chermak, J. M., & Berrens, R. P. (2016). Wildfire smoke health costs: a methods case study for a Southwestern US ‘mega-fire’. Journal of Environmental Economics and Policy, 5(2), 181–199.
Article 
    
                    Google Scholar 
                

	Kochi, I., Champ, P. A., Loomis, J. B., & Donovan, G. H. (2016). Valuing morbidity effects of wildfire smoke exposure from the 2007 Southern California wildfires. Journal of Forest Economics, 25, 29–54.
Article 
    
                    Google Scholar 
                

	Kulig, J., Townshend, I., Edge, D., & Reimer, W. (2013). Impacts of wildfires: aftermath at individual and community levels? Australian Journal of Emergency Management, 28(3), 29.

                    Google Scholar 
                

	Lin, Y., Wijedasa, L. S., & Chisholm, R. A. (2017). Singapore’s willingness to pay for mitigation of transboundary forest-fire haze from Indonesia. Environmental Research Letters, 12(2), 024017.
Article 
    
                    Google Scholar 
                

	Lindseth, A., & Norberg, A. (2004). A phenomenological hermeneutical method for researching lived experience. Scandinavian Journal of Caring Sciences, 18(2), 145–153.
Article 
    PubMed 
    
                    Google Scholar 
                

	Liu, J. C., Pereira, G., Uhl, S. A., Bravo, M. A., & Bell, M. L. (2015). A systematic review of the physical health impacts from non-occupational exposure to wildfire smoke. Environmental Research, 136, 120–132.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	MacNeill, M., Wallace, L., Kearney, J., Allen, R., Van Ryswyk, K., Judek, S., et al. (2012). Factors influencing variability in the infiltration of PM 2.5 mass and its components. Atmospheric Environment, 61, 518–532.
Article 
    CAS 
    
                    Google Scholar 
                

	Marshall, G. N., Schell, T. L., Elliott, M. N., Rayburn, N. R., & Jaycox, L. H. (2007). Psychiatric disorders among adults seeking emergency disaster assistance after a wildland-urban interface fire. Psychiatric Services, 58(4), 509–514.
Article 
    PubMed 
    
                    Google Scholar 
                

	McCaffrey, S. (2015). Community wildfire preparedness: a global state-of-the-knowledge summary of social science research. Current Forestry Reports, 1(2), 81–90.
Article 
    
                    Google Scholar 
                

	McDermott, B. M., Lee, E. M., Judd, M., & Gibbon, P. (2005). Posttraumatic stress disorder and general psychopathology in children and adolescents following a wildfire disaster. The Canadian Journal of Psychiatry, 50(3), 137–143.
Article 
    PubMed 
    
                    Google Scholar 
                

	McFarlane, B. L., McGee, T. K., & Faulkner, H. (2012). Complexity of homeowner wildfire risk mitigation: an integration of hazard theories. International Journal of Wildland Fire, 20(8), 921–931.
Article 
    
                    Google Scholar 
                

	McGee, T. K., McFarlane, B. L., & Varghese, J. (2009). An examination of the influence of hazard experience on wildfire risk perceptions and adoption of mitigation measures. Society and Natural Resources, 22(4), 308–323.
Article 
    
                    Google Scholar 
                

	NWT Department of Environment and Natural Resources. (2015). NWT 2014 fire season review report. Yellowknife: Government of Northwest Territories.

                    Google Scholar 
                

	Papanikolaou, V., Adamis, D., Mellon, R. C., & Prodromitis, G. (2011). Psychological distress following wildfires disaster in a rural part of Greece: a case-control population-based study. International Journal of Emergency Mental Health, 13(1), 11–26.
PubMed 
    
                    Google Scholar 
                

	Papworth, A., Maslin, M., & Randalls, S. (2015). Is climate change the greatest threat to global health? The Geographical Journal, 181(4), 413–422.
Article 
    
                    Google Scholar 
                

	Penman, T., Eriksen, C., Blanchi, R., Chladil, M., Gill, A. M., Haynes, K., et al. (2013). Defining adequate means of residents to prepare property for protection from wildfire. International Journal of Disaster Risk Reduction, 6, 67–77.
Article 
    
                    Google Scholar 
                

	Penman, T. D., Eriksen, C., Horsey, B., & Bradstock, R. A. (2016). How much does it cost residents to prepare their property for wildfire? International Journal of Disaster Risk Reduction, 16, 88–98.
Article 
    
                    Google Scholar 
                

	Prior, T., & Eriksen, C. (2013). Wildfire preparedness, community cohesion and social–ecological systems. Global Environmental Change, 23(6), 1575–1586.
Article 
    
                    Google Scholar 
                

	Reid, C. E., Brauer, M., Johnston, F. H., Jerrett, M., Balmes, J. R., & Elliott, C. T. (2016). Critical review of health impacts of wildfire smoke exposure. Environmental Health Perspectives, 124(9), 1334–1343.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Scharbach, J., & Waldram, J. B. (2016). Asking for a disaster: being “at risk” in the emergency evacuation of a northern Canadian Aboriginal community. Human Organization, 75(1), 59–70.
Article 
    
                    Google Scholar 
                

	Smit, B., & Wandel, J. (2006). Adaptation, adaptive capacity and vulnerability. Global Environmental Change, 16(3), 282–292.
Article 
    
                    Google Scholar 
                

	Steelman, T. A., & McCaffrey, S. (2013). Best practices in risk and crisis communication: Implications for natural hazards management. Natural Hazards, 65(1), 683–705.
Article 
    
                    Google Scholar 
                

	Tally S., Levack A., Sarkin A. J., Gilmer T., & Groessl E.J. (2013). The impact of the San Diego wildfires on a general mental health population residing in evacuation areas. Administration and Policy in Mental Health and Mental Health Services Research, 40(5), 348-354.
Article 
    
                    Google Scholar 
                

	Wang, X., Thompson, D. K., Marshall, G. A., Tymstra, C., Carr, R., & Flannigan, M. D. (2015). Increasing frequency of extreme fire weather in Canada with climate change. Climatic Change, 130(4), 573–586.
Article 
    
                    Google Scholar 
                

	Warburton, D. E., & Bredin, S. S. (2017). Health benefits of physical activity: a systematic review of current systematic reviews. Current Opinion in Cardiology, 32(5), 541-556.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wesche, S. D., & Chan, H. M. (2010). Adapting to the impacts of climate change on food security among Inuit in the Western Canadian Arctic. EcoHealth, 7(3), 361–373.
Article 
    PubMed 
    
                    Google Scholar 
                

	Williamson, G., Bowman, D., Price, O., Henderson, S., & Johnston, F. (2016). A transdisciplinary approach to understanding the health effects of wildfire and prescribed fire smoke regimes. Environmental Research Letters, 11(12), 125009.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank the Yellowknives Dene First Nation and the Ka’a’gee Tu First Nation for their partnership, particularly community coordinators Berna Martin, Nora Mackenzie, and Melaine Simba. We also thank the health and allied health staff in the Northwest Territories for their help, particularly Katie Kohl. Thank you to Jeremy Flatt and James Young for research assistance, and to Donald Cole for comments on an earlier draft of this article. Special thanks goes to the late Doug Ritchie for seeing that this study was possible and uniting our community to make it happen. Finally, thank you to the participants of this study for sharing their stories.


Funding
Health Canada’s Climate Change and Health Adaptation Program for First Nations and Inuit Communities.


Author information
Authors and Affiliations
	School of Public Health and Health Systems, University of Waterloo, Waterloo, Ontario, Canada
Warren Dodd

	Workers’ Safety and Compensation Commission for the Northwest Territories and Nunavut, Yellowknife, Northwest Territories, Canada
Patrick Scott

	Canadian Association of Physicians for the Environment, Yellowknife, Northwest Territories, Canada
Courtney Howard

	Northwest Territories Health and Social Services Authority, Yellowknife, Northwest Territories, Canada
Courtney Howard

	Cumming School of Medicine, University of Calgary, Calgary, Alberta, Canada
Courtney Howard

	Ecology North, Yellowknife, Northwest Territories, Canada
Craig Scott

	School of Population and Public Health, University of British Columbia, Vancouver, British Columbia, Canada
Caren Rose

	British Columbia Centre for Disease Control, Vancouver, British Columbia, Canada
Caren Rose

	Centre for Health Evaluation and Outcomes Research, Vancouver, British Columbia, Canada
Caren Rose

	Labrador Institute of Memorial University, Happy Valley-Goose Bay, Labrador, Canada
Ashlee Cunsolo

	Dahdaleh Institute for Global Health Research, York University, Toronto, Ontario, Canada
James Orbinski

	Faculty of Health, School of Health Policy & Management, York University, Toronto, Ontario, Canada
James Orbinski

	Dalla Lana School of Public Health, University of Toronto, Toronto, Ontario, Canada
James Orbinski


Authors	Warren DoddView author publications
You can also search for this author in
                        PubMed Google Scholar



	Patrick ScottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Courtney HowardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Craig ScottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Caren RoseView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ashlee CunsoloView author publications
You can also search for this author in
                        PubMed Google Scholar



	James OrbinskiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Warren Dodd.


Ethics declarations

              
              This project was reviewed and approved by the Aurora Research Institute (license numbers 15733; 15801), the Stanton Territorial Ethics Board, and the Wilfrid Laurier University Research Ethics Board (REB no. 4700). Prior to conducting any interviews, written or oral informed consent was obtained.

              
                Conflict of Interest

                The authors declare that they have no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Dodd, W., Scott, P., Howard, C. et al. Lived experience of a record wildfire season in the Northwest Territories, Canada.
                    Can J Public Health 109, 327–337 (2018). https://doi.org/10.17269/s41997-018-0070-5
Download citation
	Received: 14 August 2017

	Accepted: 25 February 2018

	Published: 25 May 2018

	Issue Date: June 2018

	DOI: https://doi.org/10.17269/s41997-018-0070-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Wildfire smoke
	Mental health
	Physical health
	Adaptation
	Climate change
	Subarctic

Mots-clés
	Fumée d’incendies forestiers
	Santé mentale
	Santé physique
	Adaptation
	Changement climatique
	Subarctique








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					50.19.159.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    