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SUMMARY 
This report reviews the current state of climate change and adaptation research for the Cree Nation territory 
(2007 – 2017). Based on a substantial array of evidence, climate change worldwide is occurring faster in 
subarctic and arctic bioclimatic regions, and is already affecting a broad range of human and natural systems. 
Largely caused by human activities, it poses significant risks for indigenous populations living in higher latitudes.  

With anthropogenic greenhouse gas (GHG) emissions at a record high, global average temperature has warmed 
by 0.85°C since the end of the 19th century. These changes are modifying other key parameters, such as sea ice 
extent and duration, precipitation patterns, river discharge, and the frequency and intensity of extreme weather 
events. Due to their close ties with the land, indigenous peoples are particularly vulnerable to climate change 
because it modifies land access, occupation and use, thereby exacerbating the effects of other stressors such as 
industrial development and socio-economic constraints. Although much progress has been made in terms of 
climate change research in Quebec, past studies have either focussed on southern Quebec or Nunavik leaving 
subarctic Quebec seriously data-deficient in terms of instrumental records or long-term scientific observations. 
However, available studies and an abundance of local observations by the Cree show rapid changes of the 
environment and climate conditions. 

Ouranos was mandated by the James Bay Advisory Committee on the Environment (JBACE) to review the 
scientific and gray literature, and interview several key stakeholders in order to better identify climate impacts 
and adaptation initiatives in Eeyou Istchee James Bay, situated in subarctic1 Quebec. The report has three main 
objectives: 

1) Summing up climate change information for Eeyou Istchee James Bay and identifying knowledge gaps; 
2) Indicating potential research needs and recommendations; and 
3) Supporting multi-level governance in decision-making processes on climate change adaptation. 

Annual mean air temperature in the region has warmed by 1.5°C in the last 35 years with a sharp winter 
warming of 2-3°C. Different models project an increase in rainfall while snow cover will decrease thawing earlier. 
The Cree have noticed an increase in the frequency of lightning storms and flooding, weather has become less 
predictable and seasons are shifting. In James Bay, sea surface temperature is rising, sea ice is retreating rapidly, 
and climate models project a higher river discharge in James Bay potentially modifying water properties and 
dynamics in the Bay. These physical changes lead to impacts on the natural and built environment, and entail a 
plethora of socio-economic and cultural repercussions. At the ecosystem level, local observers and scientific 
research report more southern species on the territory, the modification of phenological cycles, an increase in 
natural disturbances such as pests and invasive species and more frequent forest fires, as well as changes in the 
quality and availability of wildlife and plants used in traditional food systems. From a health perspective, 
changes in land access, accidents on the ice due to hazardous ice conditions, alteration of subsistence activities, 
traditional knowledge transfer, as well as the increase in diseases like diabetes and obesity, linked to changes in 
diet and food security, represent significant health risks and threaten Cree culture, identity and well-being. In 
terms of infrastructure and industry, more frequently observed climate hazards can challenge current asset 
design, construction, operation and maintenance leading to additional risks and costs for communities. The 
tourism sector, especially the cultural economy and outdoor tourism, is also vulnerable to climate change. While 
the majority of climate change-induced effects in Eeyou Istchee James Bay appear to be negative, climate 
change may also be beneficial for some sectors if activities are adapted proactively.  

So far, adaptation to climate change in Eeyou Istchee James Bay has been mainly characterized by reactive, 
individual strategies, such as for adapting subsistence practices, or integrating climate change on a voluntary 

                                                
1 The subarctic climate is located between 50° to 70°N and characterized by a long, very cold period, and a short  warm period. Eeyou 
Istchee James Bay is mainly located in this climate zone (Dfc, Köppen climate classification), except for the coastal area from the southern 
tip of James Bay up to Chisasibi which is dominated by a humid continental climate (Dfb). 
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basis in economic development projects. Efforts are necessary to mainstream adaptation, integrate climate 
change into other strategic documents, raise awareness and recognition, and then start implementing 
adaptation measures for the benefit of Cree society in a flexible approach that can be adjusted over time.  
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INTRODUCTION 
Eeyou Istchee James Bay2 has been occupied by the Cree for almost 5000 years (Feit 1995) and encompasses 
a huge territory (450,000 km2), two-thirds the size of France or almost the size of Sweden making it the one of 
the biggest municipality in the world. Far from being an unoccupied swath of land (see Appendix 1), the Cree 
use the whole of this territory for hunting, fishing, trapping and other cultural activities. The special 
relationship with the land, which goes beyond subsistence activities, is central to the Cree identity (Adelson 
1998; JBNQA 1975), and knowledge and practices, transferred from one generation to the next, have adapted 
to environmental changes over time (Ohmagari & Berkes 1997; Sayles & Mulrennan 2010; Lemelin et al. 
2010).  

Over the last 50 years, the Cree have witnessed many rapid and complex changes to the environment due to 
large-scale natural resource exploitation, such as forestry, mining and hydroelectric development affecting 
Cree traditional lands. Rapid climate change has the potential to exacerbate the effects of major development 
projects and socio-economic constraints, and now stands as an additional challenge to the Cree way of life 
and to the maintenance of Cree identity (Ouranos 2015). For example, more frequent or intense extreme 
weather events or unpredictable seasonal changes modify subsistence harvesting, erode cultural continuity, 
endanger infrastructure assets and represent health and security risks. Yet, changes associated with the 
climate are difficult to predict both in terms of scope and trend. Adaptation to a changing environment was, 
and will remain, a key to Cree survival. Scientific data is an important source, but observations from the Cree 
hunters and trappers, their families and Cree authorities are also crucial when seeking to make decisions on 
how to adapt to such changes. Climate impacts, vulnerabilities and adaptation also need to be considered in 
the context of existing socio-economic changes and trends in Cree society, such as an increasingly sedentary 
lifestyle and shift towards a wage-based economy.  

The James Bay Advisory Committee on the Environment (JBACE), as per its policy role under the James Bay 
and Northern Quebec Agreement (JBNQA), commissioned a first report in 2007 on the state of knowledge of 
climate change in Eeyou Istchee James Bay. Afterwards the committee collaborated on a project, 
spearheaded by the Cree Trappers’ Association (CTA), designed to document and localise patterns of land use 
that may have been impacted by climate change. Ten years after the release of the first report, the JBACE 
mandated Ouranos to draw an updated picture of the situation, and develop a better grasp of the role that 
environmental assessment plays in that regard. This report explores socio-economic and cultural implications 
of climate-driven change in addition to the environmental dimension, thereby largely exceeding the scope of 
the first report and allowing for a better understanding of the socio-cultural context of the region. It presents 
the current state of climate change and adaptation knowledge in Eeyou Istchee James Bay (2007-2017) in 
order to: 

1) Sum up climate change information for Eeyou Istchee James Bay and identify knowledge gaps; 
2) Indicate potential research needs and recommendations; 
3) Support multi-level governance in decision-making processes on climate change adaptation. 

Chapter 1 starts with Cree society by presenting socio-cultural repercussions of climate change on Cree 
culture and identity, physical and mental health, as well as livelihoods and food security, while also 
highlighting some adaptation strategies for subsistence harvesting and traditional food systems.  

Chapter 2 provides an overview of changes in the climate system in Eeyou Istchee James Bay discussing 
temperature, precipitation, seasons and weather patterns, ice regimes, as well as changing water levels and 
properties. It considers past conditions (stemming from scientific measurements and traditional knowledge) 
and future climate projections for the mid-21st century. 

                                                
2 The Cree refer to themselves as “Eeyou/Eeyouch”. Eeyou Istchee James Bay, their sacred homeland, means “the land of the Eeyou”. 
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Chapter 3 outlines climate change impacts on the region’s ecosystems, both aquatic (marine, coastal and 
estuaries, freshwater, wetlands) and terrestrial (forests), highlighting implications for wildlife and vegetation 
dynamics, such as phenological changes, northward migration and variation in productivity and disturbance 
regimes, which require a rethinking of current conservation practices. 

Chapter 4 describes climate change impacts on built infrastructure and industrial / economic development 
(mining, forestry, renewable energy, and tourism), and presents some adaptation initiatives for each sector. 

Chapter 5 discusses adaptation readiness and capacity in Eeyou Istchee James Bay summing up existing 
adaptation strategies and challenges, and highlighting examples from other Northern Indigenous 
communities that could be applied in Eeyou Istchee James Bay.  

Bullet points are used to indicate changes specific to Eeyou Istchee James Bay enabling the reader to quickly 
find information pertaining to the region. The text in bold highlights the most important elements including 
local, interregional and global information. The following coding can help readers searching for specific 
information. 

 
Knowledge systems for understanding and engaging in climate change and adaptation science 
The contents of this report are based on both scientific studies and traditional (Indigenous) knowledge as 
complimentary sources of information. Indigenous knowledge can provide a long-term perspective and make 
up for the absence of written archives or historical instrumental records (Peloquin & Berkes 2009; Alexander 
et al. 2011; Asselin 2015). Moreover, it is often much more detailed, and less reductionist than scientific 
research which tends to focus on a few selected parameters (Peloquin & Berkes 2009). The use of indigenous 
knowledge often proves less costly and less time-consuming (Asselin 2015). Local observations consider the 
cultural context of the land, and make it possible to incorporate a more moral and spiritual rather than only 
rational perspective (Asselin 2014). In combination with scientific studies, which are crucial to establish 
baseline information and allow to compare the current situation to the past and to forecast future changes, 
indigenous knowledge and local observations of environmental changes are valuable sources to obtain a more 
multi-dimensional and holistic picture of ongoing changes, expand knowledge at a local scale, and fill 
knowledge gaps (Alexander et al. 2011; Peloquin & Berkes 2009). Downing & Cuerrier (2011) suggest 
combining science and traditional knowledge for inclusive, positive actions. 

Research limitations 
The issue of climate change is very complex and dynamic. Its potential environmental, social, cultural and 
economic impacts – as well as any potential measures to adapt thereto – can be equally complex to be 
predicted and to be characterized. The sparse network of weather stations in Eeyou Istchee James Bay, 
important localized factors such as major hydroelectric development, and multi-decadal climate variability 
related to large-scale oscillations contribute to the difficulty of accurately describing the past evolution of the 
climate and to project future climate conditions. Long-term observations and contemporary modelling3 
permit the establishment of causal links and trends of change with appreciable degrees of confidence. 
However, given that available research on these matters in Eeyou Istchee James Bay is a relatively recent and 
burgeoning field, it is crucial that readers exercise prudence when attempting to extrapolate local or regional 
point-source or site-specific observations from generalized climate change trends and vice versa. 
                                                
3 Three factors of uncertainty are associated with climate models: the natural variability of the climate, the rate of future GHG 
emissions, and the imprecision of climate models. The relative influence of these uncertainty factors on the model depends on the 
time period considered, e.g. natural variability is the most important factor in projections over a few decades whereas the choice of 
GHG emission scenarios is more important in long-term projections (Ouranos 2015). 
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CONTEXT 
Anthropogenic greenhouse gas emissions (GHG) have reached a record high in the last decades, and are 
driving changes in the global climate system unprecedented over decades to millennia (IPCC 2014). As a 
consequence, the last 30 years were the hottest period over the past 1400 years in the Northern Hemisphere, 
and globally averaged temperature (land and ocean surface) has increased by 0.85°C from 1880 to 2012 
(ibid.). Arctic and Subarctic regions in Canada are experiencing even faster changes (ibid.; Ouranos 2015; 
Macdonald & Kuzyk 2011). In Eeyou Istchee James Bay, annual mean air temperature has increased by 1.5°C 
over the last 30 years (in winter by 2-3°C), and the region will likely experience some of the highest winter 
warming in Canada by 2050 due to the projected loss of sea ice (R. Brown, pers. comm.; Way et al. 2017; 
Ouranos 2015; Steiner et al. 2013; Vincent et al. 2015).  

Northern indigenous peoples have stated that environmental change clearly affects their relationship with the 
land, their culture, livelihoods, mental health, well-being and spirituality (e.g. Berry et al. 2014; Foro et al. 
2013; Brisson & Bouchard-Bastien 2014; Clayton et al. 2017; CTA 2011). This is why the direct and indirect 
effects of climate change on the Cree way of life are at the heart of this report; Chapter 1 will portray climate 
change impacts on Cree culture, identity and traditional activities (Chapter 1.1), Cree physical, mental and 
spiritual health (Chapter 1.2), land access (Chapter 1.3) and subsistence harvesting (Chapter 1.4).  

Indeed, global warming affects precipitation patterns and snow cover, modifies weather patterns such as by 
increasing the frequency and intensity of extreme weather events, leads to a rapid decrease in sea ice extent, 
heats up sea surface temperature, and adds to modifying river discharge and water properties. Table 1 
outlines past and future trends and local observations of these climate parameters in Eeyou Istchee James 
Bay, as obtained from the literature review presented in Chapter 2. These climate parameters are 
interconnected and affect aquatic and terrestrial ecosystems (Chapter 3), infrastructure (Chapter 4.1), and 
natural resources and economic development (Chapter 4.2) at varying degrees. 

Table 1: Past and projected changes of key climate parameters in Eeyou Istchee James Bay 

 Past trend Cree 
observations 

Projected trend (2050) 

Air temperature ↑ ↑ ↑ +3.6°C warming of mean temperature, 5.5°C in the 
winter. High regional and seasonal variability. 

Rainfall ↑ ↑ ↑ +13-20% and more extreme precipitation. High 
uncertainty about the amplitude of the increase and 
regional variability. 

Snow  ↓ ↓ ↓ Decrease in snow cover and duration in the North, and 
change of its characteristics. Large year-to-year 
variability and likelihood of differing snow trends across 
the region (potential increase in the South). 

Extreme 
weather events 

↑ ↑ ↑ Weather has become more unpredictable. The intensity 
and frequency of extreme weather events (e.g. flooding 
or storms) will increase.  

Sea ice extent ↓ ↓ ↓ For every 1°C increase sea ice extent decreases by 14%. 
50% loss of ice thickness. Freeze-up and breakup will 
occur 3-4 weeks later and earlier, respectively. 

Sea surface 
temperature 

↑ Unobserved or 
undocumented  

↑ + 1-1.5° or 0.22±0.08°C/decade 

River discharge ↑ ↑ ↑ +2-15%, but significant variability due to hydro-electric 
flow modifications. Earlier onset of maximum river 
discharge. 

Lake/river ice ↓ ↓ ↓ Ice forms later in autumn and melts earlier in spring. 
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METHODOLOGY 
Most information was obtained from an exhaustive review of the scientific and grey literature. The following 
three databases were selected with input from a librarian: Web of Science, Scopus and Google Scholar. 
Google Scholar and additional research with google were employed to track publications in the grey 
literature, in addition to scientific articles, theses and reports. In order to close remaining knowledge gaps and 
to validate contents, several researchers from various Canadian universities, local stakeholders at the Cree 
Nation Government and other Cree organizations (e.g. COTA, CTA, CBHSSJB, CMEB, EMRWB, EMRPC, EIJBRG, 
etc.) in Eeyou Istchee James Bay, as well as Hydro Québec and some provincial ministries were contacted. This 
allowed obtaining additional information, often unpublished or unwritten, with respect to climate change and 
adaptation in their fields of expertise. However, due to time constraints and considering the limited scope of 
this report and its main objective to provide an updated state of knowledge on climate change and 
adaptation, not all the communities, researchers or organizations that may have produced reports or possess 
additional information could be contacted.  

For the literature review, keywords were selected in English and French. To build search strings, keywords 
related to climate change, geographical location and different qualifiers for each chapter were combined 
(Appendix 2). The results were limited to up-to-date articles with publication dates ranging from 2007 to 
2017. The documents were primarily selected based on the contents of their abstract and conclusion, and to a 
lesser extent based on the results and discussion sections. Additional articles were gathered via the “related 
contents” function on Scopus and Web of Science for shared references and cross references. For some 
authors, all publications were scanned based on personal recommendations by researchers or a high volume 
of citations. All in all, about 250 documents were selected, and then classified and stored in EndNote. This 
helped to determine which topics were covered well while at the same time identifying information gaps. 
After an in-depth study of these articles, additional information was acquired from the key stakeholders 
mentioned above. 

 

  

 

 

CHAPTER I – SOCIOCULTURAL IMPACTS OF CLIMATE 
CHANGE ON CREE SOCIETY 

1.1 CULTURE, IDENTITY AND TRADITIONAL ACTIVITIES 
“Our connection with the land, and the ability of the land to provide for the current generations and for the generations 

to come, will be central to our collective identity as Eeyouch/Eenouch. The land has been the foundation of who we are as 
a people, and that connection has guided us well in the course of our struggles and our achievements throughout our 

history” (Dr. Matthew Coon Come, Grand Chief 1987-2017, Annual Report 2015-2016) 

Socio-cultural function of place: 
This special relationship with the land goes beyond mere subsistence since traditional activities on the land 
have a high cultural importance, and are intrinsically linked to indigenous and Cree identity, way of life and 
emotional well-being. Indigenous people perceive the land as a source of freedom and identity, which has 
therapeutic effects and is crucial for their well-being (Cunsolo et al. 2011; Cunsolo et al. 2012): “We have this 

CAUTIONARY NOTE: It is very important to note that the results are based on a review of the available 
literature or interviews with key informants. Changes not observed by the Cree or unmeasured in scientific 
studies could still be present without having been described (e.g. confidential data; no written records) or 
may still occur in the future. 
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connection to the land that makes you feel good. It makes you, you”. For the Cree, the connection with the 
land is a means to ensure cultural continuity and knowledge transfer to younger generations, thereby 
preserving Cree identity and way of life (Cree Vision of Plan Nord 2011). However, the sedentarization and 
relocation of the Cree in the wake of major hydro-electric development have weakened their nomadic, self-
sufficient culture of subsistence, shifting Cree society further towards a wage economy and increasing 
dependency on formal institutions (Royer and Herrmann 2011).  

 Climate change could affect the complex relationship with the land by exacerbating the effects of 
major development projects and further putting pressure on Cree culture and lifestyle (Chapter 2). 

 Indeed, health professionals and local decision-makers in Eeyou Istchee James Bay are worried 
about the potential loss of Cree identity and lifestyle as a consequence of climate-related impacts 
(Foro et al. 2013).  

The concept of solastalgia was created to describe “the pain or distress caused by the loss of, or inability to 
derive, solace connected to the negatively perceived state of one’s home environment” (Albrecht et al. 2007). 
An elder from Chisasibi asked: “If the land is not healthy, how can we be?”4 Indeed, a sense of place is crucial 
for good health (Cunsolo-Willox et al. 2012; Albrecht et al. 2007; Hess et al. 2008). Place attachment is 
multidimensional, and Scannell & Gifford (2010) developed the person-process-place framework to highlight 
the different facets of place attachment (see Appendix 3). Climate change negatively affects place 
attachment by disrupting place-specific socio-cultural activities and connections with a specific place leading 
to negative impacts on emotional health and well-being (Cunsolo-Willox et al. 2012; Albrecht et al. 2007; 
Cuerrier et al. 2015). Firstly, modifications of land access and subsistence activities endanger the function of 
the land as a provider of personal and cultural fulfillment, a source of renewal, healing, harmony, 
relaxation (Cunsolo-Willox 2012; Lemelin et al. 2010). Secondly, the land’s function of enriching the soul and 
thereby providing emotional wellness and wholeness to indigenous peoples is endangered because 
environmental changes and fewer opportunities to spend time on the land create feelings of anger, sadness, 
depression and uncertainty about the future (Cunsolo-Willox et al. 2011).  
 
Traditional knowledge/activities and cultural continuity: 
Traditional knowledge is not just a knowledge base but also a way of life and integral factor shaping the Cree 
mindset (Royer 2012). Elders from many indigenous groups are of the opinion that climate change has made 
the use of traditional knowledge less reliable (Mc Lean 2009). Fewer activities on the land can lead to a sense 
of acculturation and cultural erosion (Pétrin-Desrosiers 2014; Cree Vision of Plan Nord 2011) since identity 
and cultural values are closely linked to subsistence activities (Royer et al. 2013). Climate-related 
modifications of the land (e.g. inability to predict weather, shifting of seasons or animal migration, etc.) can 
lead to a loss of confidence in traditional knowledge and expertise of the territory, which can affect cultural 
and emotional well-being and spiritual health (Foro et al. 2013; Downing & Cuerrier 2011; Pétrin-Desrosiers 
2014). For example, the Cree have mentioned that they lost trust in their bush skills (Syvänen, 2011). 
Reduced access to the land may decrease traditional activities and induce a loss of traditional knowledge 
negatively affecting well-being (depression, stress) and cultural integrity (Pétrin-Desrosiers 2014). Spending 
less time on the land also affects the transmission of native languages, which is crucial for cultural identity 
(Downing & Cuerrier 2011). Finally, reduced knowledge and land skills transfer contribute to raising the rate 
of accidental injuries associated with activities on the land (Ford et al. 2016). 

1.2 HEALTH: PHYSICAL, MENTAL AND SPIRITUAL DIMENSIONS 
For the Cree, health is based on the relationship with nature and interpersonal relationships. The Cree 
concept for health miyupimaatisiiun translates into “being alive well” and recognizes the interconnectivity of 
all elements of the universe (Adelson 2000). This is why health of the communities, health of the environment 
                                                
4 Statement by Joseph Marty, a Whapmagoostui elder (Adelson 2000). 



   6 

and individual health are closely intertwined (Figure 1), and, preserving the environment and maintaining a 
good social cohesion go hand in hand with individual health (Brisson & Bouchard-Bastien 2014). The Cree 
view of health incorporates physical, emotional and spiritual dimensions and goes beyond health signifying 
the absence of illness (Foro et al. 2013; Lemelin et al. 2010).  

 “Being alive and well” is part of the Cree identity and it is closely linked to the health of the land, 
the food it provides and the rights of access to the land (Council of Canadian Academies 2014).  

Northern indigenous peoples have stated that environmental change clearly affects their relationship with the 
land, their culture, livelihoods, mental health and well-being (Berry et al. 2014; Foro et al. 2013; Clayton et al. 
2017; Council of Canadian Academies 2014). Figure 1 sums up how geophysical/climate impacts, such as 
changes in temperature, precipitation or extreme events, can lead to vulnerabilities on the individual, social 
and physical levels, and affect physical, mental and community health. 

 
Figure 1: Climate change impacts on health. © Clayton et al. 2017 

Physical health: 
Climate-related effects on health are multifactorial and highly complex. Research on climate-related 
implications on health is quite recent (Ford 2012). According to Ford (2012), high poverty, a high sensitivity to 
climate-driven health risks, limited technological capacity and a high burden of ill health make populations 
more vulnerable to climate-related health impacts. However, it is sometimes difficult to differentiate between 
impacts from climate change and those from hydroelectricity, mining and forestry development projects 
(Pétrin-Desrosiers 2014). Indigenous peoples are particularly vulnerable to climate change given that many 
live in regions affected by rapid environmental change, and their close connection with and dependence on 
the land for traditional activities (Ford 2012; Chapters 1.1 & 1.4).  

 Research has demonstrated that climate change is an additional stressor that can influence health 
in Eeyou Istchee James Bay (Pétrin-Desrosiers 2014).  

 In a consultation with health professionals in Eeyou Istchee James Bay, the transportation risks 
associated with off-road vehicles and seasonal ice conditions, the inconvenience of sudden weather 
changes, and the changing availability and distribution of some species were the most widely 
mentioned effects of climate change (Foro et al. 2013). Therefore, health professionals consider 
accidents on the ice (Chapter 1.3) and diseases like diabetes and obesity, linked to changes in diet 
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and food security (Chapter 1.4), the most worrisome risks for the health sector (ibid.; Anctil 2008).  

Table 2 summarizes potential direct climate-related health impacts in Eeyou Istchee James Bay5. 

Table 2: Climate hazards and their potential impacts on health in Eeyou Istchee James Bay  

Climate hazards Potential health impacts 

Mechanism Health impact 

Increase in precipitation 
and flooding 

Changes in the distribution of insects New diseases 
Accidents at work Injuries, traumas 
Modified distribution of vegetation  Modification of lifestyle (diet and medicine) 

Increase in the frequency 
and magnitude of 
temperature extremes 
and higher solar radiation 

Direct exposure Heat stroke, respiratory problems, skin cancer, 
cataracts, dehydration  

Variability of drinking water reserves Diseases related to shortage and poor quality of 
drinking water  

Arrival of new insects and pathogens New or more water- and vector-borne diseases 
Decrease in abundance of some varieties of wild 
berries and in quality of some medicinal plants 

Modification of lifestyle (diet and medicine) 

Decrease in distribution, 
thickness, stability and 
duration of ice cover on 
water bodies, and 
modification of snow 
quality and quantity 
 
 
 
 

More difficulties in accessing the land, hunting 
grounds, traditional food 

Nutritional deficiency, chronic diseases, impact on 
food-sharing between community members and 
erosion of socio-cultural values 

Decrease/modification of travel 
More accidents and drowning Injuries, neurological sequelae, psychological 

impacts, death 
Difficulty building snow shelters with soft snow Safety risks and lower protection from storms and 

the cold 
Higher biomagnification of pollutants through 
the food web and higher transportation rates of 
contaminants from lower into higher latitudes  
due to a decrease of sea ice extent 

Intoxication risks 

Increase in wildfires Evacuations Psychological effects 
Burns Psychological effects, death 
Intoxication with carbon monoxide Neurological sequelae, death 
More exposure to fine particles  Respiratory and cardiovascular problems 

 
Mental and spiritual health and well-being: 
In addition to these more direct effects, climate change leads to less tangible and indirect impacts on mental 
health and socio-cultural well-being (see Figure 1). Common effects on Aboriginal peoples include depression, 
sadness, fear, anxiety, frustration, anger, helplessness, distress, despair, loss, grief, hopelessness, 
aggression, apathy, denial and trauma (Cunsolo-Willox et al. 2013). In the future, climate change will 
probably produce more acute, slow or chronic mental health impacts (ibid.; Berry et al. 2010a). For example, 
impacts from a climate hazard (personal injury, injury or death of a loved one, damage to or loss of property, 
loss of a livelihood) can cause severe psychological trauma and anxiety-related responses (Clayton et al. 2017; 
Berry et al. 2010a). Furthermore, losing access to traditional food sources or culturally meaningful places 
and practices can provoke emotional distress, anxiety, sadness, insecurity, loss of self-efficacy and 
amplification of existing stressors (Clayton et al. 2017; Dudley et al. 2015; Berry et al. 2010a; Ford 2012). 
Studies have even shown that higher temperatures increase the use of emergency health services in Canada 
as well as the levels of suicide for psychologically fragile people (Clayton et al. 2017). However, it has been 
argued by some researchers that climate change could also produce positive side effects such as the 
strengthening of social support networks and the creation of community-led projects to tackle climate 
change together (Cunsolo-Willox et al. 2013; Berry et al. 2010b; Hart et al. 2011). Studies in Eeyou Istchee 

                                                
5 Table 2 is based on information from the exhaustive health report for Eeyou Istchee James Bay by Brisson & Bouchard-Bastien 2014, 
as well as Ford 2012 and Ford et al. 2016. Additional information for individual impacts was obtained from Barber et al. 2012, Rapinski 
et al. 2014 and Dudley et al. 2015. 
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have not yet directly investigated the complex relationship between climate change and mental health and 
well-being, but it seems likely that the effects described above apply to the Cree as well. 

1.3 LAND ACCESS 
Access to the land is necessary for harvesting bush food and practising other traditional activities (Chapter 
1.1), which contribute to physical, mental, spiritual and community well-being (Chapter 1.2). Moreover, 
engaging in activities on the land is also a means to keep physically active (Brisson & Bouchard-Bastien 2014; 
Turner and Turner 2008). Climate change compromises land access and endangers civil security in Eeyou 
Istchee James Bay. For example, modified and hazardous ice conditions have already led to fatalities when 
people fell through the ice, including experienced hunters (CTA 2011; Pétrin-Desrosiers 2014). Some Cree 
communities have already modified their public safety programs accordingly (Waskaganish, pers. comm.). 

 Unsafe ice conditions require adjustments as to how the land can be accessed, and have forced the 
Cree to use alternative means of transportation, travel routes and technology. 

Trying to go around unsafe spots by snowmobile can lead to a higher consumption of gasoline (higher costs) 
and people can get stranded (Downing & Cuerrier 2011). The use of helicopters and planes to escape unsafe 
ice conditions has created important economic expenditures for some Cree communities (CTA 2011; FNQLSDI 
2017), and prevents people who do not have the financial means from going out on the land. Cree hunters 
have also noticed that softer snow makes travelling difficult and more time-consuming, e.g. snowmobiles 
sink in the snow, and people cannot walk with snowshoes on the hard snow in early spring (CTA 2011). Finally, 
modified snow and ice conditions change the calendar of activities and traditional harvesting cycle 
(Appendix 4 & Chapter 2.2), i.e. the time and place where hunting activities can take place and some areas will 
be exposed to a higher density of hunters and higher pressure on wildlife. To a lesser degree, other climate 
hazards can also affect land access such as forest fires or flooding cutting off road access thereby trapping 
people in the community or on their family grounds (Mistissini, pers. comm.). 

1.4 SUBSISTENCE HARVESTING AND FOOD SECURITY 
The Council of Canadian Academies (CCA) released its findings in the 2014 report Aboriginal Food Security in 
Northern Canada: An Assessment of the State of Knowledge, concluding that “there is a food security crisis in 
northern Canada,” and that the crisis is particularly acute in some Aboriginal communities. The societal shift 
from a nomadic, hunting culture to a more sedentary way of life has led to nutritional changes with a sharp 
decrease in bush food and an increase in processed foods in Eeyou Istchee James Bay (Royer and Herrmann 
2011). People change their diet over time, but rapid changes over a very short timeframe can lead to serious 
consequences for people’s health6 (Turner & Turner 2008). The impacts of losing the food itself is 
overshadowed by the even greater effects of the loss of the knowledge related to its harvest, preparation and 
use, as this impairs cultural identity and pride (ibid.). The less indigenous peoples make use of traditional 
foods and the more they rely on wage-paying jobs, the higher the loss of traditional knowledge/erosion of 
skills and the greater the dependency on store bought foods for food security (CCA 2014)7. These store-
bought foods can be nutritionally limited, increase obesity and are often expensive, especially for the more 
isolated communities (Downing & Cuerrier 2011). The lack of traditional food also affects mental and spiritual 
health (Tam et al. 2013; Chapter 1.2).  

 Traditional foods contain many important nutrients, but an extensive health study in Eeyou Istchee 
                                                
6 This has happened to many Aboriginal peoples all across Canada (Turner & Turner 2008). 
7 The significantly dropping numbers of people partaking in the Hunters Income Security Program in Eeyou Istchee James Bay illustrate 
the trend away from traditional food sources. While the population of Eeyou Istchee James Bay has doubled from 1976-1981 to 2004-
2008, the percentage of people living off the land only represents 15.3% in comparison to almost 50% in 1976-1981 (Council of 
Canadian Academies 2014). 
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James Bay has shown that they are consumed less and less and being replaced with unhealthy high-
fat and high-sugar foods (Nieboer et al. 2009).  

 For the Cree, climate-driven impacts on traditional food sources have far-reaching effects on the 
socio-economic and health levels since they represent a substantial part of their diet.  

Changes in animal distribution, health and behaviour (Chapters 3.1.2 & 3.2.2) due to climate change and other 
stressors such as habitat degradation and fragmentation modify access to and quality of traditional foodstuffs 
for hunters and affect this source of income for beneficiaries of the Cree Hunters and Trappers Income 
Security Program.  

 The quality and availability of traditional food sources in Eeyou Istchee James Bay has decreased 
over the last years, which can be partially attributed to climate change. The reduced quantity of game 
affects whole communities since meat is often shared (Tam et al. 2013; Chapter 3.2.2). 

 Instead of going out on the land in October, hunters and trappers now leave more often in November 
due to unstable ice and bad weather conditions, which may explain the lower harvest of certain 
species, e.g. beaver or muskrat (CTA, pers. comm.). 

 A recent deterioration of the health and body conditions of wildlife observed by Cree hunters 
includes less fat, more parasites and diseases, thinner fur and a different taste of the meat (CTA 2011; 
Pétrin-Desrosiers 2014; Tam et al. 2013; Chapter 3.2.2). Besides, hunting can take up more time to 
harvest the same amount of food and more animals need to be killed (Downing & Cuerrier 2011). On 
a positive note, thinner moose hides are appreciated by Cree hunters as they need to be treated less 
(CTA 2011).  

 There seems to be a decline in the amount of berries, and some varieties dry out more due to 
warmer temperatures (CTA 2011; Tam et al. 2013; Downing & Cuerrier 2011).  

 Some medicinal plants (e.g. Labrador tea) seem to be negatively affected by more extreme weather 
events or higher temperatures (Cavaliere 2009; Rapinski et al. 2014).8 This could lead to a loss of 
certain healing practices (CTA 2011; Chapter 1.1). 

 Coastal communities have observed a decline in geese as they seem to change their flight paths and 
stay in the region for a shorter period of time, which could be due to changing climatic conditions, 
hydroelectric development (e.g. land-clearing for transmission lines), intensified hunting and other 
factors (Royer and Herrmann 2011; Peloquin and Berkes 2010; Chapter 3.1.3). 

Zoonoses can be passed on directly from animals to humans (Nieboer et al. 2013; Downing & Cuerrier 2011; 
Dudley et al. 2015) and are a public health concern (Sampasa-Kanyinga et al. 2013). 

 Large parts of the Cree population in Eeyou Istchee James Bay have been exposed to at least one 
zoonotic agent (Nieboer et al. 2009; Sampasa-Kanyinga et al. 2013; Campagna et al. 2011). However, 
there has been no declared human case since at least 2012 indicating that the infected had not 
reported nor seen a physician, nor had been accurately diagnosed (CBHSSJB, pers. comm.; Lévesque 
et al. 2007), Sampasa-Kanyinga et al. 2013; Campagna et al. 2011).9  

 It is recommended to create more awareness about the symptoms of some zoonotic diseases 
among people handling wildlife (as seropositivity is linked to hunting and trapping activities) to lower 
exposure to zoonotic diseases, while medical staff should consider zoonotic agents, especially for 

                                                
8 Labrador tea, used for the treatment of various symptoms of diabetes, was collected in five communities of Eeyou Istchee James Bay 
and showed a reduction of its active phenolic compounds, likely due to temperature changes and solar radiation (Rapinski et al. 2014). 
9 Tularemia (F tularensis) infecting hares, rabbits, muskrats, voles, beaver and squirrels seems to become more common among 
animals in Northern Canada in a warmer, wetter climate, and can be transmitted to humans, not only by ingestion but also when 
skinning animals (Downing & Cuerrier 2011); 14% to 27% (depending on the community) of the Cree showed serological evidence of 
exposure to F tularensis, which is especially linked to handling rabbits and muskrats (Sampasa-Kanyinga et al. 2013). Leptospira 
(transferred from rodents and dogs) had also a quite high seroprevalence in 10 to 27% of the studied population (ibid.; Campagna et 
al. 2011). Exposure to snowshoe hare virus (SSH) virus in Waswanipi, Whapmagoostui and Waskaganish was particularly high, which 
could be due to a “more conducive environment for mosquitoes and/or deer” (Sampasa-Kanyinga et al. 2013). 
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unusual cases (Lévesque et al. 2007; Campagna et al. 2011). 

Figure 2 presents some actions that could be used to adapt subsistence harvesting and traditional food 
consumption in Eeyou Istchee James Bay; some of these actions (1-4) are being used already. 

ADAPTATION OF SUBSISTENCE HARVESTING AND TRADITIONAL FOOD SYSTEMS 

1. Changing the mode or time of travel  
E.g. coastal to inland, return earlier, use another means of transportation, etc. 

2. Changing the composition of species harvested 
E.g. switching to another type of goose or harvesting new species. 

3. Modifying the timing or location of hunting activities 
E.g. CTA airlift service, avoid travel altogether or exchange on ice conditions by text message. 

4. Adopting new forms of technology 
E.g. cellular and satellite phones, radio announcements and official ice monitoring program to disseminate information 
(species movement, ice, etc.) or reactivation of the GeoPortal  

5. Incorporating climate change into community planning and policies  
E.g., in Wemindji, people proposed to create a coastal snowmobile road, and to adopt protected areas (Syvänen 2011). 

6. Promoting how to incorporate traditional food into modern dishes or how to serve traditional food in a contemporary 
manner to increase its consumption (Turner & Turner 2008) 
E.g., in Mistissini, traditional food consumption is high which may be due to the fact that this is highly encouraged by 
promotional programs of the Band Council, such as free traditional meals four times a week (Laberge Gaudin et al. 2014). 

7. Incorporating traditional food resources into school curriculums to engage youth (Turner & Turner 2008) 
E.g., in biology or language classes 

Figure 2: Climate change adaptation of subsistence harvesting in Eeyou Istchee James Bay 

T2 diabetes and traditional food: 
There are disproportionately high levels of abdominal obesity and diabetes in Eeyou Istchee James Bay 
leading to increased morbidity (Nieboer et al. 2013; Haddad et al. 2012). Ninety-one percent of all Eeyouch 
were considered obese based on waist circumference (Nieboer et al. 2013). Rapid lifestyle changes away from 
traditional food and transportation and abdominal obesity are considered potential factors for the high 
incidence of T2 diabetes in Eeyou Istchee James Bay (Haddad et al. 2012).10 Several exhaustive studies in 
Eeyou Istchee James Bay found that promoting and maintaining traditional food consumption (and 
medicinal plant use) improves the physical health and social and spiritual well-being of the Cree), and can 
thus help decrease obesity and diabetes rates (Laberge Gaudin et al. 2014; Proust et al. 2016; Dewailly et al. 
2002; Uprety et al. 2012.11 Certain traditional medicinal plants of the Cree have been shown to carry very 
strong antidiabetic characteristics (e.g. certain parts of balsam fir) (Nachar et al. 2015; Haddad et al. 2012). 

 
                                                
10 Young Eeyouch consume less traditional foodstuffs than adults 40 years of age and older, and replace them with high-sugar and 
high-fat foods (Nieboer et al. 2013; Khalil et al. 2010). Young Eeyouch are diagnosed 3-5 times more often than non-Indigenous youth 
in Quebec with T2 diabetes (Haddad et al. 2012). 
11 In fact, people who eat traditional food 3 days or more weekly were also more likely to walk at least 30 minutes a day (Laberge 
Gaudin et al. 2014). 

For future research on climate-related health impacts, it will be important to use a multidisciplinary 
and more holistic approach as suggested by other researchers (e.g. Council of Canadian Academies 
2014), and further analyze the complex relationship between climate change and the aforementioned 
sociocultural aspects such as food security, land access, mental and physical health. As Cunsolo et al. 
(2011; 2013) propose, it is important to create short- and long-term health and resilience programs 
and mobilize resources to encourage emotional / mental health and well-being in a context of climate 
change. It is also necessary to conduct more research to better understand the complex issues of 
mental health and well-being associated with environmental change in Eeyou Istchee James Bay on 
different groups of the population (e.g. elders, women, and youth).  
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CHAPTER II – IMPACTS OF GLOBAL WARMING ON 
THE REGIONAL CLIMATE OF EEYOU 
ISTCHEE JAMES BAY  

Eeyou Istchee James Bay is highly influenced by its continental location in proximity to a large body of water 
(James / Hudson Bay) with seasonal ice and a high discharge of relatively warm fresh water. Furthermore, 
Arctic air masses can easily enter James Bay in winter due to the sea ice cover. This presence of ice and water 
leads to a cooling effect in spring and a warming effect in fall and early winter. The thermal contrasts between 
land, ice and water bodies influence atmospheric stability, and consequently, air temperature, precipitation, 
winds and fog. (Brown et al. 2014) 

The sparse observing network, a significant influence of local factors on the regional climate and the harsh 
Northern climate conditions make it difficult to describe the historic evolution of the climate and project 
potential climate change in Northern environments such as Eeyou Istchee James Bay (Rapaic et al. 2015; 
Steiner et al. 2013; Charron 2015). In Canada, there are also some data-related problems with respect to 
climate trends due to changes in terms of observation, instrumentation and relocation of weather stations 
(Vincent et al. 2015).  

 Historic regional climate data in Eeyou Istchee James Bay is particularly limited due to the sparsity 
of weather stations of which only three have data spanning more than 20 years (Niemi et al. 2016; 
Royer 2013). These three stations are situated in proximity to Chapais, Whapmagoostui and la Grande 
Rivière.  

Apart from these data-related problems, multi-decadal climate variability related to large-scale oscillations 
such as the North Atlantic Oscillation (NAO) may also mask or strengthen climate trends (Vincent et al. 
2015), such as observed in Labrador (Wang and Viau 2014). Finally, hydroelectric development or other 
industrial activities may add to the modification of local climate conditions (Déry et al. 2016; Macdonald & 
Kuzyk 2011). For example, some models showed that the impoundment of the La Grande reservoir led to a 
localized cooling effect of air temperature in summer and a warming effect in the winter, comparable to the 
effects of lakes on local temperature (Irambona et al. 2016; Huziy & Sushama 2016). 

The following section describes in more detail the climate conditions that prevail in the Eeyou Istchee James 
Bay region discussing changes of several climate parameters. It highlights i) instrumentally measured past 
changes, especially since the mid-20th century, ii) projected changes for the mid-21st century (climate models), 
and iii) local observations by the Cree, mainly from hunters and trappers, tallymen, and officials of the CNG 
department of the Environment and Remedial Works. In the absence of specific local information, available 
information for Hudson Bay (HB) will be used. 

2.1 TEMPERATURE 
According to the IPCC (2014), the “warming of the climate system is unequivocal” with much warmer air and 
water temperatures, especially since the 1950s, which have not been observed for decades to millennia. In 
Eeyou Istchee James Bay, air temperature has constantly warmed since 1918 with a “significant warming 
trend” since 1992 (Steiner et al. 2013). Table 4 describes past and future changes of air temperature in Eeyou 
Istchee James Bay. 

The temperature series are characterized by important year-to-year variability linked to large scale 
oscillations in atmospheric circulation, such as the North Atlantic Oscillation and the Eastern Pacific-North 
Pacific pattern, which play a crucial role for the climate in Eastern Canada (Way et al. 2017; R. Brown, pers. 
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comm.). Studies in Labrador underline that current climate models cannot reproduce variability of air 
temperature, and observations can differ from models (Way & Viau 2014). In this context, local observations 
become even more important to understand temperature changes. 

Table 3: Trends and observations of air temperature in Eeyou Istchee James Bay  

AIR TEMPERATURE IN EEYOU ISTCHEE JAMES BAY  

Past Cree observations  Future (2050) 

 Temperature increase between 1,5-3°C with 
an accelerated warming in the last 30 years, 
especially in fall and winter(see Appendix 6); 

 12 of the 17 warmest summers in HB 
occurred between 1991 and 2009 with a 
warming trend of +0.1 to +0.3°C/decade 
since the 1930s; 

 Rising surface air temperature (SAT) over 
HB: 0.6-0.8°C/decade (autumn) and 
0.32°C/decade (spring). 

 Warmer 
temperatures, more 
heat waves, and the 
sun seems stronger 
in the winter 
months; 

 Summers are longer 
and hotter. 

 

 Higher rate of temperature increase than 
globally, especially during the colder 
months; 

 Rise of 3.6 °C (RCP 4.512) / 3.7°C (RCP 8.5) of 
annual mean T; increase by 5.5 -5.7°C in 
Dec-Jan-Feb, and 2.2-2.4°C in June-July-
Aug; 

 More extremely warm periods and 
significant warming of minimum 
temperature of the coldest day. 

Information retrieved from Brown et al. 2014; Hochheim et al. 2010; Ouranos 2015; Way et al. 2017; Estilow et al. 2015; Steiner et al. 
2013; Steiner et al. 2015; Loder et al. 2015; CTA 2011; Royer 2016; Voyageur and McLean 2017, Larivière 2011; Royer et al. 2013; 

Diaconescu 2017; and Price et al. 2013. 
***The confidence level for temperature data is generally high, but there is uncertainty with respect to regional variability*** 

 

Appendix 5 shows the most recent 30 year period (1987-2016) of 
monthly air temperature trends in Eeyou Istchee James Bay. The 
observed warming of mean annual air temperatures averaged 
over the region is ~1.5 C, but there is a strong north-south 
gradient as well as very different seasonal results.  

 The North has warmed more than the South; 
 Winter temperatures have warmed about 2-3°C; 
 Summer has warmed much less (1- 1.5°C); 
 Spring (March-April) did not warm at all.  

 

 

 

2.2 SEASONS, WEATHER PATTERNS AND EXTREME EVENTS 
Seasonal changes driven by climate change, such as later freeze-up and earlier breakup, longer/hotter 
summers and shorter / milder winters have been observed frequently in Eeyou Istchee James Bay (FNQLSDI 
2017; CTA 2011, Voyageur and McLean 2017; Syvänen 2011; Larivière 2011). These modifications impair the 
ability to foresee when and where to harvest (Voyageur and McLean 2017; Chapters 1.1 & 1.4). They thereby 
affect the traditional harvesting cycle of the Cree which is based on six seasons and the traditional activities 
associated with each season (see Appendix 4). In addition to modifying the seasons, climate change will affect 
weather patterns and increase the frequency and magnitude of extreme weather events (e.g. heavy 
precipitation, heat waves, flooding; storms) (IPCC 2014; compare Appendix 6). Table 3 describes past and 

                                                
12 RCPs are climate classifications established by the IPCC. RCP 8.5 represents a global average warming of 4.9°C while RCP 4.5 
represents a global average warming of 2.4°C.  

Figure 3: Monthly air temperature trends in Eeyou Istchee James 
B  
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future changes in weather patterns and phenomena as well as extreme meteorological events in Eeyou 
Istchee James Bay.  

Table 4: Trends and observations of weather patterns in Eeyou Istchee James Bay 

WEATHER PATTERNS AND EXTREME WEATHER EVENTS IN EEYOU ISTCHEE JAMES BAY 

Past Cree observations Future (2050) 

 Period with above-
freezing air 
temperature is 23 
days longer than in 
1925 (Kuujjuarapik); 

 Longer growing 
season; 

 More freeze-thaw 
events in autumn and 
less in spring. 

 Wind gusts increased 
with rising air 
temperature and 
lower pressure across 
Canada (1953-2009);  

 Increase in the number of extreme weather 
events such as more lightning storms, and 
more frequent inland flooding13; 

 Stronger thunderstorms in some regions 
while weaker in others;  

 More unpredictable weather and sudden 
weather changes14; 

 Unpredictable navigation, such as on 
Mistissini Lake; 

 High inter- and intra-annual seasonal 
variability impeding weather forecasting; 

 Change of the dominant wind direction and 
wind throws; 

 The cold is more humid and goes under the 
skin; 

 Winters are 2 months longer. 

 Higher frequency and intensity of extreme 
weather events; 

 More torrential rains; 
 Slight change of mean wind speed ±5% (high 

uncertainty), no information on wind direction; 
 Potentially high increase in daily wind gusts, 

especially in the summer (+50%  at Grande 
Rivière station) for the end of the 21st century; 

 Higher wave and storm surge potential in HB due 
to the diminished sea ice in fall/early winter (risks 
of coastal erosion/flooding); 

 15-20% increase in storm frequency and duration 
in HB (high uncertainty)15; 

 Impossible to project lightning, fog and freezing 
rain for Quebec (insufficient information and 
limited research and capacity of climate models). 

Information retrieved from Ouranos 2015; Charron 2015; Steiner et al. 2013; Brown et al. 2014; Savard 2016; Voyageur and McLean 
2017; Syvänen 2011; FNQLSDI 2017; Royer 2016; Larivière 2011; Downing & Cuerrier 2011; CTA 2011; Cheng 2014; Cheng et al. 2014; 

and P. Grenier (pers. comm.). 
***The confidence level for weather patterns is low or undetermined for several weather phenomena*** 

2.3 PRECIPITATION (RAIN AND SNOW) 
According to the last IPCC report (2014), high latitudes are likely to experience an increase in mean annual 
precipitation. Table 5 outlines past and future changes in precipitation Eeyou Istchee James Bay. Analysis of 
precipitation data from Kuujjuarapik Airport over 1957-2012 show no evidence of any trends in annual or 
seasonal total precipitation, but a significant decrease in the fraction of precipitation falling as snow in 
response to warming (i.e. more rain) (R. Brown, pers. comm.; Brown et al. 2014). 

The timing (snow-on and snow-off dates), amount and physical properties of snow cover have important 
impacts on a wide range of ecosystem services (Callaghan et al. 2011). The longest record of daily snow depth 
observations in the region are from Kuujjuarapik Airport which has more or less continuous observations 
since 1950. Table 6 outlines past and future changes in snow cover in Eeyou Istchee James Bay. While the 
data at Kuujjuarapik indicate that the duration of snow on the ground at this location has declined at a rate 
of 3 days/decade since 1950, and that current maximum depths are decreasing, analysis of snow survey data 
within the larger Eeyou Istchee James Bay territory (50-56N, 70-79W) shows large year-to-year variability. 
Similarly, analysis of spring snow cover duration showed only slight evidence (-1 day per decade over 1972-
2016) of earlier snowmelt over the larger Eeyou Istchee James Bay region (Estilow et al. 2015). The different 
results at Kuujjuarapik may reflect the observing site where snow accumulates on an open surface that is not 
representative of the prevailing land cover of the region. Results from other climate simulations suggest the 
                                                
13 Inland flooding has been mainly associated with rapid ice melt in spring, high water levels in rivers and torrential rains in five Cree 
communities, and floods are sometimes perceived as being more intense (FNQLSDI 2017). The 100 year flood of Temiscamie river 
(spring 2014) occurred only 5 years after another 100 year flood in the same watershed (Voyageur and McLean 2017). 
14 For example, the Cree find it difficult to forecast incoming storms, fog occurs at unusual moments and people have noticed an 
unpredictable tide-wind relationship (Wemindji); hunters also take spare gas and food in case the weather changes (Whapmagoostui). 
15 This is due to the fact that higher thermal contrasts increase the potential for cyclone redevelopment in fall and early winter. 
Impacts could be compensated by the drop of sea level (see Savard 2016). 
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likelihood of differing snow cover trends across the region: decreasing in the North and increasing in the 
South (R. Brown, pers. comm.). 

Table 5: Trends and observations of precipitation in Eeyou Istchee James Bay  

PRECIPITATION IN EEYOU ISTCHEE JAMES BAY  

Past Cree observations Future (2050) 

 Increase in mean annual total rain and seasonal rainfall 
(winter / autumn) at Chapais & Kuujjuarapik. 

 Decrease of summer rainfall in the coastal regions of 
James Bay.  

 Significant decline of total precipitation falling as snow 
at Kuujjuarapik. 

 Increase by 0.03 mm/day per decade (1961-2005) in 
HB. 

 More rainfall, more drizzle; 
 Local variability with some 

communities even reporting 
drier conditions; 

 More heavy rainfall (shorter 
duration) leading to peak 
levels in waterbodies and 
flooding. 

 Increase in total 
precipitation in Central 
Quebec16 for all 
seasons: 6-17% 
depending on the 
scenario;  

 More frequent extreme 
precipitation; 

Information retrieved from Steiner et al. 2013; Chassé et al. 2013; Ouranos 2015; IPCC 2014; Royer et al. 2013; Price et al. 2013; 
Voyageur and McLean 2017; Vincent et al. 2015; Brown et al. 2014; and CTA 2011. 

***The confidence level for precipitation data is low due to data limitation*** 

Table 6: Trends and observations of snow cover and depth in Eeyou Istchee James Bay 

SNOW COVER IN EEYOU ISTCHEE JAMES BAY 

Past Cree observations Future (2050) 17 

 Significant decrease of snow fall in Kuujjurapik where 
snow season is about 50 days shorter (compared to 
1960-1970); 

 Maximum snow depths occurs one month earlier in 
Kuujjurapik in response to earlier melt (but higher 
variability after 1990s); 

 Annual maximum snow depth decreased by approx. 
40 cm (1960-1990) but increased recently. 

 Decrease of snow cover duration in Southern James 
Bay and earlier snow melt. 

 Later snowfall; 
 Less snow (layers) has 

prevented hunters from 
making their blinds; 

 Snow quality has changed and 
the snow is now softer: 
difficult travelling conditions; 
slushy in spring; 

 Less but stronger snowstorms; 
 Snow melts faster in spring. 

 Reduction of snow 
cover by 25-45 days in 
Central Quebec; 

 Later snow fall; 
 Earlier thawing; 
 About 20 cm less snow 

in the lowlands of 
Central Quebec18 and 
snow depth maximum 
in March. 

Information retrieved from Brown et al. 2014; Ouranos 2015; Gough and Leung 2002; Royer 2016; Syvänen 2011; Vincent et al. 2015; 
CTA 2011; and R. Brown, pers. comm. 

***The confidence level for snow data is low due to a regional variability of vegetation cover, a lack of regional snow cover 
observations and the difficulty of mapping snow cover with visible satellites*** 

2.4 ICE REGIMES (SEA AND LAKE ICE) 
Sea ice decrease in extent and thickness (Appendix 7) and the positive feedback between temperature and ice 
reduction is considered one of the main reasons contributing to the Arctic warming much faster than other 
regions (Parkinson 2014). The minimum Arctic sea ice extent at the end of the summer 2016 was the second 
lowest in the satellite record since 1979, and Hudson Bay sea ice cover reduction is one of the highest in the 
circumpolar Arctic (Richter-Menge et al. 2016; Tivy et al. 2011). Studies in the Hudson Bay system have 
shown that for every 1°C increase in surface air temperature (SAT) sea ice extent decreases by 14% of basin 
area, and an increase in 1°C in SAT delays freeze-up by 0.7 weeks since it is closely linked to fall SATs 
(Hochheim & Barber 2014). In James Bay, freeze-up usually occurs after mid-November (between early 
November and early December) and ice melt starts in late April with most of the Bay being open water by 

                                                
16 Climate models used to calculate precipitation data were based on the climate scenario RCP 8.5 (“business as usual”) 
17 Climate models to calculate snow data are based on RCP8.5 (“business as usual”) scenario for 2041-2070. Central Quebec covers 
most of Eeyou Istchee James Bay. For more information see Ouranos 2015 (Chapter 1.4). 
18 Calculation based on snow water content (SWE), the water level that can be measured when snow has melted completely. The ratio 
used is 10:1 where 10 cm of snow equal 10mm of water.  
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mid-July (ECCC 2017). Table 7 describes past and future changes of sea ice and inland ice.  

Table 7: Trends and observations of ice regimes in Eeyou Istchee James Bay  

SEA ICE EXTENT AND SEASON AND LAKE/RIVER ICE IN EEYOU ISTCHEE JAMES BAY 

Past  Cree observations  Future (2050) 

 Shortening of sea ice season in Eastern James Bay 
by approx. 10 days/decade (1979 -2013), locally 
even 30 days (close to Chisasibi and Waskaganish) 
(Appendix 8); 

 Decrease of sea ice extent in Eastern HB by -11.5 
±6.8%/ decade (1968-2008) and acceleration of 
sea ice extent decline in HB (1979-2010)19; 

 Freeze-up is 1.6 weeks later and breakup is 1.5 
weeks earlier in HB (1980-1995 vs. 1996-2010, 
trend acceleration); 

 Accelerated warming of SAT and decrease of sea 
ice extent in autumn versus spring in HB (since 
1989). 

 Less and thinner ice on the Bay; 
 Less or thinner ice on rivers and 

lakes; more water pockets and 
absence of ice shards; 

 No more blue ice / more white ice 
and very thin layers of ice on lakes 
and rivers as too much snow covers 
the ice preventing it from freezing; 

 Earlier melting and later freeze-up 
of inland ice shortens safe hunting 
period as lakes are still slushy and 
covered with holes. 

 50% loss of ice 
thickness in JB and 
great changes in heat 
content (Appendix 7); 

 Ice-free period in HB 
will be 2 months 
longer; 

 Freeze-up will occur 
25-30 days later while 
breakup will arrive 
22-25 days earlier for 
HB in comparison to 
1961-1990. 

Information retrieved from Steiner et al. 2013; Tivy et al. 2011; Cavalieri & Parkinson 2012; Kowal et al. 2017; Hochheim & Barber 
2014; Hochheim & Barber 2010; Joly et al. 2011; Brown et al. 2014; Parkinson 2014; Ouranos 2015; FNQLSDI 2017; Syvänen 

2011;Voyageur and McLean 2017; Macdonald &  Kuzyk 2011; Royer et al. 2013; and Latifovic & Pouliot 2007. 
***The confidence level for sea ice is generally high*** 

The subarctic region also accounts for a high density of lakes making them an important component of the 
cryosphere (Brown & Duguay 2010). These lakes have hardly been studied (Keller et al. 2014; CNG, pers. 
comm.) as studies focused more on sea ice. The formation of lake ice is affected by snow accumulation, wind 
velocity and air temperature, all of which can be altered by climate change (Brown & Duguay 2010; Latifovic & 
Pouliot 2007; Bélanger et al. 2013). RADARSAT images are a potential source of information to study ice 
phenology (Duguay et al. 2002). So far, only one study has been conducted in central Eeyou Istchee James 
Bay (Lake Nitchequon), which showed later freeze-up and earlier breakup dates (Brown & Duguay 2010). A 
study by Bélanger et al. (2013) projected significant changes in terms of stratification and shifts in mixing due 
to warmer summer temperature and later freeze-up until the end of the century. Hydrological research would 
provide further understanding of climate change on seasonal ice mechanism and dynamics. 

2.5 WATER LEVELS AND PROPERTIES 
James Bay receives 47% of the total freshwater input in Hudson Bay (Kuzyk 2014). Freshwater input, ice cover 
and surface heat flux all influence the distribution of water temperature and salinity levels in James 
Bay/Hudson Bay (Steiner et al. 2013; Kuzyk et al. 2008). Sea surface temperature (SST) in Hudson Bay has 
warmed at 6 times the global trend and at almost twice the rate of polar warming (Brand et al. 2014; 
Galbraith & Larouche 2011). This accelerated warming of SST correlates with the decrease of sea ice, in 
particular earlier breakup, and associated with this polar amplification.  

No quantitative salinity trend analysis has been carried out in Hudson Bay, but altered freshwater dynamics 
such as higher water levels or different pathways, e.g. due to climate change, could change deep water 
formation and freshwater dynamics (Steiner et al. 2013; Granskog et al. 2011). Higher river discharge can 
also increase the ablation of sea ice in estuaries, is an important source of contaminants, and affects primary 
production positively by adding nutrients (Kuzyk et al. 2008; Hare et al. 2008; Kuzyk et al. 2010). A 20-year 
upward trend in river discharge has been projected by climate models, but it needs to be verified through 
monitoring if it is due to the variability of large-scale oscillation patterns such as changes in the Arctic 
                                                
19 The largest negative values were observed for summer (-19.1±3.9%/decade) followed by autumn (-12.9± 2.4% / decade) (Cavalieri 
and Parkinson 2012; Kowal et al. 2017). 
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Oscillation or global warming (Déry et al. 2011). Moreover, major flow modifications and diversion of nine 
rivers in James Bay for hydropower generation, such as the construction of the La Grande complex and 
diversion of the Caniapiscau und Rupert rivers that have flooded more than 10,000 km2, have likely been 
modifying near shore oceanography significantly and impacting annual river discharge such as by diverging 
inflows from summer to winter (Macdonald & Kuzyk 2011). All of these challenges need to be taken into 
consideration when assessing changes in water levels and flows (Déry et al. 2016; Macdonald & Kuzyk 2011). 

Table 8 describes past and future water levels and properties in Hudson and James Bay in the context of 
climate change. No local observations have been recorded concerning sea surface temperature and changes 
of river discharge in relation to climate change. 

Table 8: Trends and observations of water levels and properties in Eeyou Istchee James Bay 

SEA SURFACE TEMPERATURE (SST), SALINITY AND RIVER DISCHARGE IN HUDSON/JAMES BAY 

Past Future (2050) 

 SST warming trend in JB: +0.25-0.5°C/decade 
from 1985-2013 (high in comparison with 
global trends 0.11°C/decade); 

 Accelerated SST warming trend since 1965 
and increase by 3.7°C in HB (1920-2011); 

 Increase in maximum summer SST by 0,7 to 
1,3°C in HB (1985-2011); 

 Increase in river discharge since early 1990s 
with record annual discharge in 2005 (may be 
sign of intensification of hydrological cycle). 

 SST increase in HB by 1-1.5°C, depending on the model: 
0.22±0.08°C/decade; 

 Decrease of pH in HB by 0.06 to 0.22 units; 
 2-15% increase in river discharge, possibly due to more 

precipitations, quick winter thaw, earlier spring snowmelt;  
 Earlier onset of maximum river discharge between -10.3 and -12.6 

days/century; 
 Greatest increase in discharge in the Eastern and Northern portion 

of HB; 
 Faster increase in river discharge in the future. 

Information retrieved from Larouche & Galbraith 2016; Brand et al. 2014; Niemi et al. 2016; Steiner et al. 2013; Déry et al. 2016; 
Macdonald & Kuzyk 2011; Stadnyk et al. 2017-unpublished data; Orlova et al. 2014; IPCC 2014; Déry et al. 2011; Déry et al. 2009; 

Ouranos 2015 and Chassé et al. 2013. 
***The confidence level depends on the parameter, high for SST, medium for discharge*** 

Sea level rise in response to climate change has been observed around the globe. However, James Bay and 
most parts of the Canadian Arctic are experiencing isostatic rebound which implies an emergence of land 
masses suppressed from heavy ice sheets during the last glacial period (Appendix 9). Isostatic rebound in 
some parts of the Hudson Bay coast is among the highest in the world (Keller et al. 2014), and results in an 
uplift of 10mm/year in Hudson Bay, exceeding global sea level rise (Tarasov & Peltier 2004). This process will 
likely continue for at least the next 1000 years (Tsuji et al. 2009). For example, relative sea level has dropped 
by almost 0.5m since 1979 in the region around Grande Rivière (Savard 2016). 

 

 

Considering the amplitude of past and projected changes as well as the regional diversity of Eeyou Istchee 
James Bay, a detailed, local study of several climatic parameters is recommended. Research should equally 
rely on local observations/traditional knowledge of the Cree and scientific methods (e.g. re-analysis) to 
identify high risk events. This kind of research will be crucial to establish more reliable baseline data and a 
reference climate. More reliable baseline data could be used for vulnerability assessments and community 
planning, thereby increasing the adaptation capacity of individuals, communities and project proponents. 
Research on lake ice mechanisms and dynamics as well as spatial variability should be improved, snow 
cover trends and precipitation are recommended given their importance for land access and subsistence 
harvesting. Further research on the interactions between the marine and freshwater systems is also 
necessary. Conducting studies on ocean dynamics and bathymetric mapping would be useful to better 
understand storm systems, water properties and wave action, track biological and ecological changes, 
capture isostatic rebound in the area and ensure marine and coastal safety. 
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CHAPTER III – IMPACTS ON ECOSYSTEMS  
Over the course of the past 50 years, ecosystems have been degraded by human influence “more rapidly and 
extensively than in any comparable period of time in human history” (Millenium Ecosystem Assessment 2005: 
1; Costanza et al. 2017). When ecosystem services20 are degraded, the whole ecosystem may become less 
resilient. The changes in the physical components of the regional climate system (Chapter 2) impact aquatic 
and terrestrial ecosystems at different geographical and time scales. Climate change will affect all levels of 
biodiversity from organisms to biomes (Rinawati et al. 2013; Bellard et al. 2012). For example, it can alter 
genetic diversity, affect species distribution and life cycles, change trophic interactions at the community 
level, and disrupt the ecological integrity of whole biomes (ibid.). Climate change is a cumulative stressor; it 
affects ecosystems in multiple ways, and can interact with or modulate other stressors such as industry, 
harvest, human population growth and contaminants (Wrona et al. 2006; Niemi et al. 2016; Woodward and 
Perkins 2015). Rapid climate change could overwhelm the resilience of ecosystems and consequently, lead to 
degradation, temporary or permanent loss of various ecosystem services. 

According to experts, climate change could surpass habitat destruction becoming the most important factor 
of biodiversity loss in the upcoming decades (Bellard et al. 2012). However, some regions may actually 
become richer in terms of species numbers in a warmer climate, such as subarctic Quebec (Berteaux et al. 
2014). However, it remains very difficult to predict future biodiversity as it cannot only be measured in terms 
of species richness. Other biodiversity indices such as genetic diversity, ecosystem diversity, habitat quality or 
trophic interactions also need to be considered, as well as alien species that could negatively affect overall 
biodiversity in Quebec even if species richness increases (R. Siron, pers. comm.). As studies suggest, it remains 
rather uncertain which species will be able to adapt quickly enough to rapid anthropogenic climate change21, 
but the CC-Bio project in Quebec showed that species with a high genetic variability and short generation 
time are more likely to adapt (Berteaux et al. 2004; Gilg et al. 2012; Berteaux et al. 2010). 

3.1 AQUATIC ECOSYSTEMS 

3.1.1 JAMES /HUDSON BAY MARINE ECOSYSTEMS 
Poloczanska et al. (2013) analyzed more than 200 studies on climate change impacts on marine ecosystems 
and found widespread evidence from around the world. Global warming has been affecting marine 
ecosystems and has already led and will further lead to poleward shifts of phytoplankton and marine eco-
thermal animals, decoupling of resource requirements and availability, raising the extinction risks and 
increasing/decreasing suitable habitat for certain species in Canada’s oceans (Drinkwater et al. 2009; 
Hutchings et al. 2012). For example, range shifts of marine species due to warmer temperatures and the 
intrusion of invasive species have been documented in Canadian Arctic waters (Niemi et al. 2016; ESSA 2017; 
Stewart & Lockhart 2004). Ocean acidification and an under-saturation of calcium carbonate, which negatively 
                                                
20 According to the Millenium Ecosytem Assessment (2005), ecosystem services include: a) provisioning services such as food, fresh 
water, energy and transportation; b) supporting services such as photosynthesis, carbon storage, water and habitat; c) regulating 
services such as climate regulation, water purification or protection from physical hazards; and d) cultural services such as recreation, 
education or spiritual support. Many of these functions have both a high social and economic value. The economic value has not been 
studied much due to its complex nature, e.g. determining the value of an ecosystem service such as protection and absorption of 
extreme weather events. However, the value of the nonmarket ecosystem services delivered by Canadas’s boreal forest were 
estimated at $703 billion, which represents a tenfold of the market value related to commercial wood extraction (Hutchings et al. 
2012). It is therefore very important, on both the socio-environmental and economic level, to preserve these precious ecosystem 
services. 
21 Species can adapt to change along three axes: time (e.g. by adapting their phenology), space (e.g. by adjusting their range), and self 
(e.g. by modifying their physiology) (ibid.). Thus, species can react to climate change either by a) staying in the same region and 
adapting to the new conditions, b) by migrating c) by disappearing completely because they can neither adapt nor migrate (Berteaux 
et al. 2014; Rinawati et al. 2013; Berteaux et al. 2010). 
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affects invertebrates and fish using calcium to build their shells and skeletons, have been documented in the 
North Atlantic ocean and close to Alaska (Niemi et al. 2010; Hutchings et al. 2012; Lovejoy 2010).  

Ice extent and season, freshwater discharge and input of terrestrial organic matter play a crucial role in the 
transformations of the ocean (Macdonald et al. 2015). Sea ice loss and higher sea surface temperature (SST) 
(Chapters 2.4 & 2.5) are good indicators of change in marine ecosystems because of their crucial functional 
and structural roles, especially in Northern latitudes (Hoegh-Guldberg & Bruno 2010; Larouche & Galbraith 
2016; Niemi et al. 2010).22 According to an exhaustive expert report produced for the Royal Society of Canada 
the impacts of climate change on biodiversity in Canada’s oceans are and will be significant (Hutchings et al. 
2012). Climate change will most likely cause more permanent changes on biodiversity than fisheries or 
aquaculture (ibid.), or exacerbate their impacts (R. Siron, pers. comm.). It is likely that many changes are 
already happening, but have not been described yet or can hardly be documented due to missing baseline 
information (Wassmann et al. 2011)23.  

3.1.2 MARINE FLORA AND FAUNA 
Marine organisms tend to show faster spread rates than terrestrial species, mainly due to dispersal by ocean 
currents. According to an extensive synthesis of the peer-reviewed literature, which found 1735 biological 
responses of marine species to climate change, marine species respond differently to changes with the fastest 
range expansions occurring in phytoplankton, bony fish, and invertebrate zooplankton. Globally, spring 
phenology in the ocean has shifted from 4.4±0.7 days/decade and summer phenology by 4.4±1.1 
days/decade at latitudes above 45°. (Poloczanska et al. 2013) 

Primary production: 
The warming climate could have major implications for fisheries in Canada due to more pronounced vertical 
stratification, and thus impacts on primary production24 and marine food webs (Larouche & Galbraith 2016). 
The marine ecosystem in Hudson Bay is characterized by a small number of trophic linkages. This implies a 
higher vulnerability of trophic dynamics to changes such as increased primary production (Grebmeier et al. 
2006; Niemi et al. 2010). Phytoplankton distribution, abundance, phenology and productivity will probably 
change with increasing water temperatures since plankton are sensitive to temperature changes and react 
more quickly than species on land (Hoegh-Guldberg & Bruno 2010; Hutchings et al. 2012; Poloczanska et al. 
2013). An earlier phytoplankton bloom has been observed in several international studies (ibid.). In the Arctic 
Ocean, a reorganization of the seasonality of the plankton food web has been documented with a longer 
phytoplankton growing season due to the longer open water season and more upwelling events (Arrigo & van 
Dijken 2015; Barber et al. 2012). There is no information on primary production specifically referring to 
James Bay. Therefore the following information applying to the whole of Hudson Bay is presented. 

 In Hudson Bay, primary production could be modified due to changes in the physical environment 
but it is difficult to declare a general trend since data is too scarce (Steiner et al. 2013).  

 Phytoplankton biomass has increased by 20-25% while primary production has increased by 15-20% 

                                                
22 For instance, sea ice regulates the transfer of moisture, heat and gas through the ocean-sea-ice-atmosphere interface due to its high 
surface albedo and low thermal conductivity, thereby playing an important role in the reaction of ecosystems to climate change 
(Barber et al. 2012). Sea ice extent further influences surface water stratification, heat exchange, nutrient dispersal due to mixing or 
upwelling, as well as light penetration depth and timing (Brand et al. 2014; Barber et al. 2012; Drinkwater et al. 2009). Temperature, 
turbulence and advection also influence marine ecosystems (Drinkwater et al. 2009). 
23 Currently, researchers at the BAYSIS project (http://www.asp-net.org/content/baysys-hudson-bay-system-study#overlay-
context=node/7) are examining the influence of freshwater on Hudson Bay marine and coastal systems, and will provide a scientific 
basis separating climate-related impacts from impacts caused by freshwater flow modifications on physical, biological and 
biogeochemical conditions. 
24 Primary production in the oceans refers to the activity of phytoplankton (microscopic organisms living in the sunlit layer of almost all 
water bodies) absorbing energy through photosynthesis and using carbon dioxide to produce biomass, which then serves as nutrition 
for zooplankton and other species.  

http://www.asp-net.org/content/baysys-hudson-bay-system-study#overlay-context=node/7
http://www.asp-net.org/content/baysys-hudson-bay-system-study#overlay-context=node/7
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(Frey et al. 2017; Steiner et al. 2013; Drinkwater et al. 2009)25, especially between 2003 and 2016 
(Frey et al. 2017).  

Phytoplankton biomass may have increased in response to higher light availability (Richter-Menge et al. 2016; 
Tremblay et al. 2011). Loss of sea ice decreases under-ice phytoplankton blooms in Hudson Bay (Niemi et al. 
2016; Hoover et al. 2013). Model results show that less ice algae and ice detritus lead to a decrease of 
benthos and benthic fish while at the same time increasing pelagic production, fish with a more pelagic diet 
will increase in contrast to species relying on benthic groups for food (Hoover et al. 2013; Drinkwater et al. 
2009; Barber et al. 2012; Sibert et al. 2010). 

 

Zooplankton and higher trophic levels: 
Impacts on lower trophic levels lead to impacts on higher trophic levels such as crustaceans, fish, seabirds and 
mammals (Gaston et al. 2012). These species react to climate-induced changes in different ways over varying 
spatial and temporal scales (Drinkwater et al. 2009). Climate change could provoke a change of the dominant 
zooplankton species in the world’s oceans and potentially a northward migration of some species (Kjellerup et 
al. 2012; Villarino et al. 2015). Globally, spring zooplankton phenology has advanced significantly by 11.6±2.9 
days/decade (Poloczanska et al. 2013). For Hudson and James Bay, no clear trend can be established yet 
(Steiner et al. 2013).  

Model projections show that species will change their latitudinal and depth ranges in Canada’s oceans 
(Hutchings et al. 2012). Shifts in habitat use such as for spawning or migration may have already occurred in 
Hudson Bay but no trend can be established due to a lack of data (Niemi et al. 2010). Diseases (pathogenic 
viruses/bacteria) may spread increasingly in the future and affect marine mammals in Hudson Bay (ibid.). 
The current climate is the main factor preventing invasion from non-indigenous aquatic species into the 
region and in a warmer climate this barrier could be removed (Niemi et al. 2016; Stewart & Lockhart 2004). 
Besides, the seaport at Churchill is vulnerable to the introduction, establishment or spread of invasive species, 
which could migrate to James Bay (Niemi et al. 2016). 

At a global scale, fish species will react differently depending on their habitat requirements, life-history 
characteristics (short- or long-lived; specialist or generalist) and trophic position (predator or forage fish) – all 
of which determine their vulnerability (Rijnsdorp et al. 2009). Physiological processes such as growth, 
development and spawning are significantly influenced by temperature, which is considered the most 
important abiotic variable in terms of survival and growth (Sharma et al. 2007). Fish growth, swimming speed 
and activity rates, reproduction, phenology, distribution, recruitment success and mortality are very 
sensitive to changing water temperatures, vertical stratification, mixed layer depth, sea ice, turbulence 
effects and advection (Drinkwater et al. 2009). For instance, spawning time is earlier in warmer water; oxygen 
supply at different temperatures affects behaviour and reproduction; distributional changes can change 
ecosystem composition due to different migration rates, etc. (Drinkwater et al. 2009). Some of these changes 
have already been observed in different fish species, for example in the North Atlantic Ocean (Rijnsdorp et al. 
2009).  

Modifications due to climate change have been observed in Arctic marine birds; e.g. thick-billed murres in 
Nunavut switched their diet from Arctic cod to a more subarctic fish species (capelin) which seemed to affect 
chick growth and implies a higher availability and northward migration of capelin (Gaston et al. 2012). These 

                                                
25 As observed from satellite-derive data which doesn’t show changes in deep waters (Steiner et al. 2013). 

To date, there is no information on primary production specifically referring to James Bay. Additional 
research needs to be conducted to confirm or dismiss the above mentioned trends for Hudson Bay and 
more locally for James Bay. Once published, the ArcticNet Integrated Regional Impact Study (IRIS) 3 
report on the Hudson Bay complex will also provide additional information.  
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changes in phenology and migration patterns of species can have impacts on accessibility and availability to 
hunters (Hauser et al. 2017) (Chapter 1.4).  
 

 

3.1.3 COASTAL ZONES AND ESTUARIES 
Permafrost has decreased by 80% since the mid-20th century due to increasing air temperatures (Chapter 2.1) 
and snow cover (Chapter 2.3) along the eastern coast of Hudson Bay, which has also led to a threefold 
increase in vegetation cover (Bouchard et al. 2014). Analysis showed a recent 130 km northward regression of 
permafrost while it is already very limited/marginal in James Bay (Thibault and Payette 2009). 

 Plants seem to grow higher along the coast in some areas (Waskaganish) while they have taken on a 
rusty colour and look sick in other areas (Whapmagoostui) (CTA 2011); 

 The Cree have observed the drying up of wetlands and an overgrowth of vegetation along the coast 
preventing geese from stopping over and affecting rabbit and ptarmigan food sources (CTA 2011; 
Rover and Herrmann 2011); 

 Eeyouch have reported that geese offspring do not grow sufficiently because vegetation is not at its 
maximum anymore when eggs hatch (CTA 2011). 

Coastal zones and estuaries are very productive zones that provide habitat for a multitude of species. Ice 
cover has an important impact on wave amplitude, current, salinity intrusion, sediment transportation 
processes and residual circulation in the estuary (Wang et al. 2012). These processes will most likely change in 
the future with less ice cover (Chapter 2.4), which could have positive or negative effects on coastal and 
marine ecosystems. According to Niemi et al. (2016), increased stratification in estuaries due to higher 
freshwater inputs such as in Hudson Bay (Chapter 2.5) will likely shift fish community compositions in 
favour of euryhaline and anadromous species over marine species (see also Chapter 3.1.2). 

 The composition of fish species has changed (e.g. more sucker and less white fish) and fish numbers 
seem to be decreasing in Waskaganish and Whapmagoostui (CTA 2011). 

 Eelgrass along James Bay is decreasing which may be due to multiple effects including climate change 
and modifications induced by hydroelectric development (ibid.). Considering that eelgrass survival 
and production is mainly driven by light, temperature and nutrients, climate change will likely induce 
changes in this plant by modifying these key parameters (Kaldy et al. 2014)26. The reduction of 
eelgrass is often associated with the decline in geese on the coast. 

 

                                                
26 Northward eel grass migration has already been documented for America’s East coast (Lovejoy 2008). Eelgrass reduction may be 
responsible for the lower numbers of geese stopping on Eastern James Bay on their migration routes, according to many Cree hunters, 
but more research is needed to determine which factors really influence eelgrass production in James Bay. 

Global studies have investigated the potential and observed effects of climate change on fish, marine 
birds and marine mammals, but no such study has been conducted exclusively for James Bay. It is 
important to identify key species for the marine ecosystems and for local subsistence activities and 
economies (e.g. tourism), and conduct research on their response to climatic changes such as water 
temperature (Chapter 2.5), decrease of sea ice (Chapter 2.4) or increase in storm surges (Chapter 2.2). 

Gaps in research need to be addressed in James Bay because “research on key species and an overall 
understanding of the coastal system is lacking” (ArcticNet website). For example, it needs to be 
researched which factors really influence eelgrass production in James Bay, or which fish species, 
especially those harvested by the Cree, will be affected (positively and negatively) by changes in water 
characteristics and coastal dynamics.  
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3.1.4 FRESHWATER ECOSYSTEMS (LAKES AND RIVERS) 
The global understanding of how freshwater ecosystem processes and individual species will react to climate 
change is good, but there is little information on species community responses and synergies between climate 
change and other stressors (Woodward and Perkins 2015; Woodward et al. 2010). Freshwater ecosystems 
are sensitive to global warming because species have limited options to move, both water temperature and 
availability are dependent on the climate, and other human-induced stressors (e.g. flow modification, 
water pollution, overexploitation, etc.) already affect freshwater ecosystems (ibid.; Dudgeon et al. 2006; 
McDermid et al. 2015). Table 9 displays the climate sensitivity of watersheds in Eeyou Istchee James Bay and 
other stressors for these ecosystems, based on information from an exhaustive assessment of watershed 
health in Canada that the WWF Canada (2017) conducted in collaboration with leading freshwater scientists. 
Overall, watershed sensitivity to climate change in Eeyou Istchee James Bay is moderate. In terms of overall 
health of the watersheds (including water flow/quality, fish, and benthic invertebrates), almost all watersheds 
in Eeyou Istchee James Bay were considered ‘data deficient’, indicating that it was not possible to establish a 
baseline picture due to missing information for at least two out of four health factors.  

Table 9: Sensitivity of watersheds to climate change in Eeyou Istchee James Bay  

Watershed Overall threats  Threat from CC Other important threats 

Grande rivière de la 
Baleine - Coast 

Low Moderate  Alteration of flows: moderate 

La Grande - Coast Moderate Moderate  Alteration of flows: very high 
 Habitat loss: high 

Eastmain Moderate Moderate  Alteration of flows: high 
 Habitat loss: very high 

Broadback and Rupert Low Moderate  Habitat loss: very high 

Nottaway - Coast Low Low  Habitat loss: moderate 
 Habitat fragmentation: 

moderate 
 Pollution: moderate 

Information assembled from the interactive maps of the Watershed Reports available at http://watershedreports.wwf.ca  
For the CC threat, shifting temperature patterns and changes in the amount of precipitation were considered as they can have a 
significant effect on watersheds. Data for water flow was obtained from the Canadian Dam Association, the HYDAT database of ECCC, 
and the Centre d’expertise hydrique du Québec of the MDDELCC, while climate change data comes from ECCC’s CANGRD.  

Higher evaporation and evapotranspiration in response to higher temperatures could provoke a decline in 
water levels reducing access to spawning areas, and increase turbidity and wave action (Sharma et al. 2007). 
Warmer water temperature and longer open-water periods will likely cause phenological changes, 
mismatches and modify food webs in lakes and rivers (Wrona et al. 2016). Dissolved oxygen declines 
resulting from warmer temperatures can negatively affect embryonic development of aquatic organisms 
(Sharma et al. 2007).27 In their extensive literature review and meta-analysis on climate-induced distributional 
changes of freshwater fish, Comte et al. (2012) conclude that climate change will severely impact certain 
freshwater fish species in the future (in addition to other stressors) (see also Chapter 3.1.2). Some rivers of 
the Western Hudson Bay Lowlands (around  55N) experienced very high water temperatures in 2001 (over 
20°C) that led to unusual stratification, thermal stress and consequently, significant die-off of anadromous 
brook trout and white suckers (Rühland et al. 2014; Gunn & Snucins 2010; Cooperative Freshwater Ecology 
Unit 2013).  

 No assessment on climate-related sensitivity of fish has been conducted in Eeyou Istchee James Bay. 

                                                
27 However, warming of air temperature is not only the factor determining water temperature. Locally, as shown in a study on 
Clearwater Lake, Southern Ontario by Tanentzap et al. (2008), lake water temperature can cool due to a reduction of winds (caused by 
forest regrowth) and an increase in underwater light attenuation (due to more organic matter). 

http://watershedreports.wwf.ca/
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Nevertheless, Tam et al. (2011) found that furunculosis in fish had increased around Oujé-
Bougoumou which could be due to climate change, most likely warmer air temperatures that warm 
up lake water. Since Northern fish can only tolerate a limited temperature increase, higher 
temperatures can weaken them and make them more vulnerable to diseases. In the context of global 
warming and other stressors (e.g. mining), furunculosis is expected to spread further, which also 
affects food security (see Chapter 1.4) since people do not want to eat fish they describe as 
‘disfigured’ (ibid.). 

The duration and frequency of thermal stratification events in lakes of the Hudson Bay Lowlands may increase 
due to warmer temperatures (Rühland et al. 2014). Higher water temperatures could have dramatic 
consequences on water quality and fish habitat affecting ecosystem productivity and fish biology (Sharma et 
al. 2007). The most affected fishes will likely be cold-adapted specialists (Sharma et al. 2007; Wrona et al. 
2016; Vincent et al. 2013; Comte et al. 2012; Gunn & Snucins 2010).  

 For most fish species harvested by the Cree (Berkes & Mackenzie 1978), habitat suitability is 
predicted to decrease, such as for Salmonidae28 (e.g. whitefish, trout, cisco), Acipenseridae (e.g. 
sturgeon), Catostomidae (e.g. white sucker), Esocidae (e.g. pike) and especially Lotidae (e.g. burbot), 
while Percidae (e.g. walleye, perch) may find more suitable habitat in the future (Comte et al. 2012; 
Lyons & Stewart 2014). 

 The Cree have observed whitefish arriving two weeks later in the last years and having less fat 
reserves. Fish generally seem to be smaller and less healthy (CTA 2011).29  

  

 

3.1.5 WETLANDS 
Wetlands figure among the most productive ecosystems on earth (US EPA 2017). The direct impacts of 
climate change on precipitation patterns (Chapter 2.3) and its indirect effects on evapotranspiration control 
the hydrology of wetlands (Hershkovitz et al. 2013). Changes in temperature, water input or nutrient levels 
can decrease the quality of their ecological functions, such as purifying and storing water or providing flood 
protection (Hershkovitz et al. 2013; Orlova et al. 2014). Peatlands represent 50-70% of all global wetlands, 
and are mostly found in the boreal forest and subarctic regions of Canada and Russia (Garneau 2017; 
McLaughlin & Webster 2014; Appendix 10). Peatlands such as the James and Hudson Bay Lowlands are one 
of the greatest global carbon sinks, but their role in a changing climate is uncertain (Garneau et al. 2014; 
Pelletier et al. 2011; Charman et al. 2013; McLaughlin & Webster 2014).  

Regional climate and topography appear to play a crucial role in long-term peatland accumulation (Charman 
et al. 2013; Garneau et al. 2014). Warmer and wetter climate conditions, especially warmer temperatures, 

                                                
28 The study by Yves Gratton on climate change impacts on habitat suitability for Salmonidae (results to be published soon) will 
provide more localized information on future dissolved oxygen contents and water temperature in northern lakes. 
29 Abigail Lynch is conducting research on climate change impacts on whitefish in the Great Lakes region to help fishermen adapt by 
developing a decision support tool. This work could be useful for Eeyou Istchee James Bay. Results show that fall and spring 
temperature are important factors that influence population dynamics, besides wind and lake ice cover (for more information, visit: 
http://www.miseagrant.umich.edu/explore/fisheries/climate-change-whitefish/ ; Lynch et al. 2015). 

Almost all watersheds in Eeyou Istchee James Bay are considered ‘data deficient’. Research on climate 
change-related impacts on freshwater systems in Eeyou Istchee James Bay has been fragmentary. It is 
necessary to continue research on lakes and rivers in James Bay to better understand the implications 
of climate change, especially with regards to fish species harvested by the Cree that could be affected 
by warmer water temperatures. Yves Gratton’s project aims to quantify future changes in water 
temperature and dissolved oxygen concentration in northern lakes located above 50°N, which will be 
helpful to assess habitat suitability.  

 

http://www.miseagrant.umich.edu/explore/fisheries/climate-change-whitefish/


   23 

favour peat accumulation whereas a warmer and drier climate would increase the decomposition rate of 
organic matter and CO2 release to the atmosphere (M. Garneau, pers. comm.; Garneau et al. 2014; Charman 
et al. 2013). James Bay peatlands are potentially vulnerable to climate change, but may also benefit from it 
and become even greater carbon sinks (M. Garneau, pers. comm.). 

 A higher peat accumulation rate under warmer temperatures has been observed at wetlands around 
Eastmain and at the La Grande complex (M. Garneau, pers. comm.; Garneau et al. 2014).  

 Carbon fixation in peatlands situated north of the 51st parallel could be favoured by climate change 
due to the projected longer growth season, a rise in surface moisture and an increased hydrological 
cycle (Garneau 2017; McLaughlin et al. 2014; Garneau et al. 2014). However, peatlands on permafrost 
will probably disappear (Garneau & van Bellen 2016). 

 Peatlands in James Bay are probably less vulnerable to wildfires as they are more humid, open and 
have a lower forest density than in Western Canada, and the peatland’s moisture content provides a 
good fire protection (Garneau & van Bellen 2016; M. Garneau, pers. comm.).  

 

3.2 TERRESTRIAL ECOSYSTEMS 

3.2.1 FOREST ECOSYSTEMS 
Species distribution models (SDM) generally predict suitable habitat for tree species with appreciable degrees 
of accuracy, but they fail to determine abundance and how species will be assembled (McKenney et al. 2007; 
Chambers et al. 2013). This also remains a challenge for species abundance models (SAM) which can predict 
the abundance of the most dominant species, but model performance is poor in terms of forecasting species 
assemblages, and thus predicting biodiversity (McGill et al. 2007, Chambers et al. 2013). Warmer 
temperatures will affect the boreal forest in various ways such as by altering forest productivity, distribution 
or disturbance regimes. Effects can arrive simultaneously, interact, or cumulate, but it is very hard to 
determine which ecosystem processes will be affected the most. Over the next 50-100 years, the majority of 
climate change impacts seem to be negative for the boreal forest in Canada (Price et al. 2013).  

Forest distribution and productivity: 
Graminoids and shrub-tundra experienced a 20-60% increase in green leaf area at the taiga-tundra ecotone30 
in Northern Canada from 1986 to 2010, which is a clear sign of the northward migration of species (McManus 
et al. 2012). The boreal climate zone will probably shift 5 to 10 times quicker than the natural speed of 
expansion by trees with the most important changes occurring in the ecotones (Price et al. 2013; Côté 2014). 
Species producing light seeds that can be distributed by winds will be favoured by these shifts in contrast to 
conifers producing large and heavy seeds (Price et al. 2013).  

 Model projections for Eeyou Istchee James Bay by Tremblay et al. (2013) show an increase in trees, 
shrubs and ferns in the North and some Eastern mountains and a decrease in the South and some 

                                                
30 An ecotone describes the transition zone between two biomes, such as between the boreal forest and the treeless tundra. 

More studies are needed to adequately quantify future peatland behaviour around James Bay in the 
face of climate change, and better characterize the biodiversity of this unique ecosystem. It should be 
assessed whether they will become a carbon sink (more peat accumulation) or source (more 
decomposition) in a changing climate, as the scientific community seems undecided on this topic 
(McLaughlin and Webster 2014; M. Garneau, pers. comm.). Research on precipitation amounts and 
soil moisture levels could be a promising avenue (M. Garneau, pers. comm.). It is also recommended to 
look into the human and social dimensions (e.g. livelihood issues and traditional knowledge) during 
baseline data collection and cumulative impacts. 
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central regions. They predict a general increase in grasses except for the South. The biodiversity of 
vascular plants would increase under a warmer and wetter climate while the richness of lichens 
would be reduced. 

 Black spruce in Hudson Bay has moved to higher elevations by a dozen meters (Berteaux et al. 
2014). Périe et al. (2014) indicate that black spruce may not find other suitable habitat and list it 
among the most vulnerable tree species to climate change in Quebec.  

A higher rate of photosynthesis and respiration under warmer temperatures will likely provoke an earlier 
start of the growing season in the boreal forest, and higher water use efficiency (Auzel et al. 2012; Price et al. 
2013). This favours an increase in the carbon reservoir and plant productivity, especially in Eastern Canada. 
At the same time, it accelerates the nutrient cycle leading to a higher decomposition rate and less carbon 
stored in the soil (ibid.; Auzel et al. 2012; Bowman & Murphy 2010).  

Disturbance regimes: 
Extreme weather events such as wildfires and strong winds can alter forest ecosystem dynamics. Wind affects 
the growth of trees (especially in the zone between taiga and tundra) and the dispersal of seeds; it can also 
provoke accelerated soil erosion and the delocalization of snow which in turn diminishes seedling insulation 
(Holtmeier & Broll 2010).  

 Considering that extreme winds may increase in Eeyou Istchee James Bay (Chapter 2.2), they could 
cause great damage on forest ecosystems such as already documented in other parts of Canada, e.g. 
in Nova Scotia or British Columbia (Lemmen et al. 2014; Price et al. 2013). 

Wildfire severity, occurrence and frequency are predicted to increase across Canada in the upcoming 
decades (Flannigan et al. 2016; Flannigan et al. 2009; Wotton et al. 2009; Terrier et al. 2013, Price et al. 2013; 
Oris et al. 2014; Lemmen et al. 2014; Flannigan et al. 2013). Holdover fires smouldering under the snow may 
also become more common (Price et al. 2013). In fact, for every 1°C increase in temperature, precipitations 
need to increase by more than 15% to prevent drying (Flannigan et al. 2016; Hély et al. 2010). In Canada, 
temperature increase will outplay the increase in precipitations, thereby raising fire risk (Flannigan et al. 
2016). In Quebec, 9% of closed-canopy forests have been replaced by open lichen woodlands mainly due to 
wildfires over the last 50 years (Girard et al. 2008). Since the 1980s, large fire occurrence has dramatically 
increased in northeastern and northwestern Canada (Le Goff et al. 2007)31. The number of days of head fire 
intensity (unmanageable crown fires) substantially exceeding the capabilities of suppression resources will 
rise in the 21st century (Wotton et al. 2017; Flannigan 2017). Extreme fire weather including high 
temperatures and strong winds can highly influence the extent of the burned area, such as in the case of the 
huge Eastmain wildfire in 2013 (Erni et al. 2017). The frequency of extreme fire weather is predicted to 
increase in Canada, e.g. lightning events which will be likely to raise the frequency and intensity of wildfire 
(Wang et al. 2015; Flannigan 2017; Bowman & Murphy 2010 Wotton et al. 2010). 

Northern Quebec has one of the highest fire frequencies and proportions of burnt land due to wildfires in 
North America (Erni 2016). Istchee James Bay has a burn rate of 2.1% of the land area per year, with the 
Northern section experiencing larger fires than the southern region (ibid.)32.  

 64% of south-eastern Eeyou Istchee James Bay (representing 22% of Eeyou Istchee James Bay) has a 
very high fire risk (Mansuy et al. 2012).  

 Although some researchers believe that the frequency and size of recent wildfires have not exceeded 
the variability observed during the last 175 years, all Cree communities have already been exposed 

                                                
31 In Eeyou Istchee James Bay, fire size has been more important than fire frequency for long-term vegetation patterns as the 
relatively flat topography in the region has favoured larger wildfires in the past (Remy et al. 2017). 
32 Climate change, the Pacific Decadal Oscillation and El Nino all seem to influence regional fire activity and severity in northern and 
central Quebec (Le Goff et al. 2007; Shabbar et al. 2011). Under El Nino conditions, wildfire severity in central Quebec seems to be 
higher (Shabbar et al. 2011). Mean monthly temperature maxima as well as drought have been identified as the main factors for fire 
occurrence and frequency (Drever et al. 2009). 
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to forest fires, and survey participants from six out of eight communities indicated that fire 
frequency had increased while participants from four communities also observed an increase in fire 
intensity (Erni 2016; FNQLSDI 2017).  

 The current fire season in Eeyou Istchee James Bay could lengthen from 1 month (June) to 3 months 
(June – August), which would require more fire prevention measures (Le Goff et al. 2009; Price et al. 
2013; Boulanger et al. 2013). 

 According to Le Goff et al. (2009), spring fires may become less frequent with a delayed seasonal 
peak in fire season. August fire risk for Waswanipi could double by 2100 while the May wildfire risk 
would slightly decrease.  

In conclusion, these disturbances can alter the composition of the forest, e.g. black spruce may recede giving 
way to drought and fire-adapted pine species (Price et al 2013). Other disturbance factors include spruce 
budworm or other pests and diseases. The projected increase in Northern plant richness may be reduced due 
to the arrival of more invasive species or parasites (Tremblay 2013; de Blois et al. 2013).  

 Under current climate model predictions, spruce budworm, whose physiology is directly influenced by 
temperature, will be able to invade northward in Quebec, and other pest outbreaks will likely 
increase due to milder winter temperatures (Samson 2012; Lemmen et al. 2014, Price et al. 2013; 
see Appendix 11 for future budworm migration).  

 

3.2.2 FLORA AND FAUNA  
Limited research has been conducted on climatic impacts on wildlife and vegetation of the North American 
boreal forest (Price et al. 2013). In Quebec, assessing climate-driven effect on biodiversity is challenging due 
to the rarity of long term studies and the high natural variability of populations that can overshadow climate 
impacts (D. Berteaux, conference at EDS institute 2016). Extensive observations from naturalists like 
ornithologists or local knowledge can provide much insight of past changes, and bioclimatic niche models are 
frequently used to assess if wildlife and plants will expand, displace or contract their distribution area in the 
light of climate change, and if new species will migrate (Berteaux et al. 2014).  

Changes in phenology33 and mismatches: 
Global studies and the ones in Quebec have shown that climate change strongly influences the phenology of 
plants. This is why altered spring phenology has become a clear signature for climate-induced impacts. In 
Quebec, an earlier onset of flowering by an average of 2 to 5 days per decade has been documented 
(Berteaux et al. 2014). Changes in the phenology of plants are very important due to their influence on higher 
trophic levels, such as pollinators. Considering the very short growing season in Northern Quebec, the impact 
of a warming climate will have a much higher influence on the seasonality in this region than further south.  

 The growing season in Northern Quebec has lengthened by several days from the 1980s to 2006 with 
an earlier start in spring, but it is unknown whether this has more positive or negative consequences 
for species (Samson 2012; Berteaux et al. 2014). 

Climate change can decouple species’ phenology from available nutritional resources (Parmesan & Hanley 

                                                
33 This refers to periodical changes in the life cycles of species, such as changes in the flowering or fructification season, arrival and 
departure of migratory birds, altered reproduction and migration cycles for wildlife, etc. 

More research should be undertaken to better understand insect and parasite outbreaks and invasions 
in Eeyou Istchee James Bay considering that pests have already been observed more commonly in the 
southern parts of the territory. It should be further investigated if the frequency and intensity of 
wildfires in Eeyou Istchee has changed, and if so, how forest management and biodiversity conservation 
need to be adapted accordingly. 
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2015) such as an earlier onset of the growing period. This phenomenon can disrupt trophic interactions 
between plants and animals thereby causing mismatches (Rinawati et al. 2013; Le Corre et al. 2016). 
According to Nantel et al. (2014), phenological mismatches will become more frequent in Canada. Birds of 
the boreal forest, which are mainly insectivorous, could be affected because of the possible mismatch with 
the life cycles of the insects they feed on (Price et al. 2013). A mismatch could also occur between the date of 
arrival on calving grounds of migratory caribou and vegetation green-up (Le Corre et al. 2016).  

Migration and distribution: 
Climate change will be likely to cause a migration of species to higher elevations and northward. In contrast to 
phenological changes, climate-driven migration of species is very hard to measure because a species’ range is 
never homogenous and range limits are vague. An exhaustive global study, including more than 2000 species, 
concluded that species ranges have recently shifted on average by 16.9 km to higher latitudes and by 11m 
in elevation per decade (Chen et al. 2011). A study on migratory birds in Quebec south of the 47th parallel 
found that 80% of the 113 species studied arrived earlier; on average by 0.9 days/decade (Berteaux et al. 
2014). Butterflies in Eastern Canada (80 species) have on average moved their ranges northward by 140 km 
between 1970 and 2012 (ibid.). In this context, it is important to mention that the inertia of plants is generally 
much greater than for wildlife limiting their dispersion potential to find new suitable habitat (D. Berteaux, 
conference at EDS institute 2016). The potential shift of bioclimatic niches is expected to be 44km/decade in 
Quebec which is 5 to 10 times higher than the migration speed at the end of the last glacial period 
(Berteaux et al. 2014; Côté 2014).34 

 Several Cree communities have noticed a higher presence of white-tailed deer, moose, coyotes and 
wolves (CTA 2011; Herrmann et al. 2012; Taillon et al. 2016).  

 The increasing arrival of more pests and diseases (Chapter 3.2.1) can affect the health of wildlife, and 
consequently, the food quality of the hunted game (Chapter 1.4). The Cree have noticed the arrival of 
white-tailed deer carrying the P. tenuis parasite which is deadly for moose and caribou, and could 
have a major impact on these animals (Herrmann et al. 2012).  

 Cree hunters have observed a change in the distribution of amphibians (frogs) which now seem to be 
rarer inland and more abundant on the coast (Herrmann et al. 2012). 

 A comparison of the CTA big and small game reports from 1992-1997 and 2012-2017 reveals a major 
decline in harvest of muskrat (-76,7%), otter (-64,3%), beaver (-57,2%), caribou (-47,9%), red fox (-
34%)  and marten (-16,2%), while an increase in harvest can be observed for moose (+33%), lynx 
(+30,5%) and black bear (+9,4%) (Appendix 12). It would be useful to determine the reasons behind 
these shifting harvesting trends, e.g. whether it is due to a changing availability and distribution of the 
species or rather hunters’ preferences or activity.   

 Beaver populations are predicted to substantially expand their interior range and modestly expand 
their northern range in Quebec, which would imply higher beaver populations in Eeyou Istchee 
James Bay (Jarema et al. 2009)35. However, beaver harvest in Eeyou Istchee James Bay has decreased 
by almost 60% from 2012-2017 versus 1992-1997 (Appendix 12). 

 Polar bears in Hudson Bay have been greatly impacted by the loss of sea ice as their hunting and 
resting platform. This affects their distribution, physical health and cub mortality, and has also led to 
much more frequent bear sightings in proximity to Cree camps searching for food (Moore & 
Huntington 2008; Obbard & Middel 2012; Herrmann et al. 2012; CTA 2010; Hossein 2017; EMRWB, 
pers. comm.). 

                                                
34 In this context it is important to note that these values do not represent the actual migration of species on the ground but rather 
the potential shift of bioclimatic niches in response to climate change (R. Siron, pers. comm.). Only some species, in particular weeds, 
will follow this quick migration while others, such as trees, will not be able to disperse fast enough northward (Berteaux et al. 2014). 
35 Currently, beaver populations are highest in southwestern Quebec declining from west to east and decreasing at 49°N. From 49°N 
to about 58°N there is a low beaver density. It would be necessary to monitor changes of the interior populations, not only at the 
northern range limit, in order to adequately apprehend potential climate-driven changes (Sharma et al. 2009). 
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The current range of woodland caribou36 may decrease significantly due to increased predation (e.g. more 
wolves due to higher moose population), habitat change, mismatches between changing plant phenology and 
grazing, physiological constraints due to higher temperatures (e.g. impacts on health) and more diseases (e.g. 
P. tenuis) (Price et al. 2013; Sharma et al. 2009; Racey 2005; Taillon et al. 2016). The complex interactions 
between different stressors makes the future of Northern Quebec’s caribou herds very uncertain (Nantel et 
al. 2014).37 Migratory woodland caribou appear to be affected by decreasing ice on lakes and rivers 
hampering their migratory movements in spring and fall and increasing their energy needs (Leblond et al. 
2016; Sharma et al. 2009; Hénault-Richard et al. 2014). Le Corre et al (2016) found that migratory caribou 
adjusted their migration patterns according to weather conditions, e.g. they advanced spring migration in 
mild winters (possibly to avoid travelling in soft snow and increasing their energy needs) and delayed it when 
there was abundant snowfall in April; they also seemed to start fall migration earlier, although other studies 
found a delay of fall migration (Taillon 2013).38  

 In a survey, a third of the Cree respondents mentioned a change in the distribution of woodland 
caribou, but the direction of change is not clear (Herrmann et al. 2012). Another study with Cree 
hunters found that woodland caribou harvest has decreased, especially on the coast which may be 
linked to a changing distribution of caribou (Royer and Herrmann 2011, see also Appendix 12). 

In conclusion, Eeyou Istchee James Bay has undergone major transformations due to industrial development, 
e.g. hydro-electric installations and road and railroad networks in the southern part of the territory for the 
mining and forestry sector. The Government of Quebec’s goals for the Plan Nord include that 20% of the 
territory shall become protected areas in 2020, and 30% shall be exempt from industrial activities by 2035 
(SPN 2017). The Cree are of the firm opinion that these 50% protected area, must apply to each region 
independently, not the territory covered by the Plan Nord as a whole, and that all past industrial development 
needs to be taken into account when designing protected areas. To date, very little information has been 
compiled on the ecosystems in Eeyou Istchee. Considering major impacts from industrial development that 
can be exacerbated by climate change, it becomes a “pressing need to strengthen our knowledge of these 
ecosystems, using both Cree knowledge and scientific data and analysis” (Cree Vision of Plan Nord 2011). 
 

 

                                                
36 As far as the boreal woodland caribou (three herds in southern Eeyou Istchee James Bay) is concerned, it is already listed as 
“threatened” on the federal level and “vulnerable” in Quebec, as its numbers are declining and its habitat is severely degraded 
(Rudolph et al. 2012); climate change could certainly accelerate its decline. The detailed report by Rudolph et al. (2012) highly 
recommends that no subsistence hunting should be practiced, and that further habitat degradation for resource development in 
caribou habitat should be prevented. 
37 Woodland caribou in Quebec seem to be affected negatively by climate-associated factors on top of other not climate-related 
stressors and cannot recover from their current low numbers (Nantel et al. 2014). However, some studies showed that direct human 
alteration of caribou habitat, such as logging activities, influenced woodland caribou twice as much as climate-driven changes (Beguin 
et al. 2013; Faille et al. 2010).  
38 Migratory caribou are one of two ecotypes of woodland caribou found in Quebec. The migratory caribou from the Rivière-aux-
Feuilles (RFH) herd migrate from the tundra of northern Nunavik between October and December to northern Eeyou Istchee James 
Bay. In April, they return to their calving grounds up north where they arrive in late May. See Taillon et al. (2016), p. 40 for a detailed 
depiction of spring and fall migration. 

In cooperation with local stakeholders, it is necessary to conduct more research on climate impacts on 
vegetation and wildlife dynamics such as migration, phenological changes and resilience of species under 
higher temperature and altered precipitation patterns, especially for those of cultural and economic 
importance. Monitoring of species, establishing movement corridors (Gonzalez 2013) and protected 
areas (Bélanger 2013), or practising assisted migration should be considered in this context of evolving 
biodiversity, and it needs to be decided which species should be protected and where. Lastly, it seems 
essential to develop effective climate change adaptation strategies for biodiversity conservation in the 
light of climate change and economic development. 
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CHAPTER IV – IMPACTS ON BUILT INFRASTRUCTURE 
AND ECONOMIC DEVELOPMENT 

4.1 BUILT INFRASTRUCTURE 
Built infrastructure includes a variety of assets such as transportation networks, private/public buildings, 
energy/telecommunication infrastructure, as well as water/wastewater infrastructure. Climate hazards can 
lead to failures of different infrastructure assets interrupting essential community services and disrupting 
economic activities while also provoking health and security risks (FNQLSDI 2017). Expensive municipal 
infrastructures in Eeyou Istchee James Bay such as wastewater treatment plants or waste-/rainwater 
drainages and culverts are constructed relying on old data without considering climate-related risks such as 
evolving snow cover and melt and more heavy rainfalls (JBACE, pers. comm.). According to the Department of 
Capital Works and Services (CWS) of the CNG (pers. comm.), climate change may modify the length of the 
construction season, impact soil conditions, cause drainage issues following heavier than usual rainfall, and 
affect transportation by boat of materials and equipment to Whapmagoostui due to hazardous ice conditions 
or extreme weather. These and other climate hazards challenge current infrastructure design, construction, 
operation and maintenance, and create additional risks and costs, and need to be taken into consideration 
to improve infrastructure and maintain assets properly (Félio 2012).  

Figure 4 illustrates challenges to infrastructure management with respect to climate change as outlined by a 
survey of key stakeholders in the Public Works and Public Safety departments of eight Cree communities in 
Eeyou Istchee James Bay (FNQLSDI 2017). 

CLIMATE CHANGE IMPACTS ON INFRASTRUCTURE AS OBSERVED BY PROFESSIONALS OF PUBLIC WORKS 
AND PUBLIC SAFETY DEPARTMENTS IN EIGHT CREE COMMUNITIES (FNQLSDI 2017) 

 Inland flooding due to high water levels in rivers, heavy and sudden rainfalls and rapid snow ice melt has already impacted 
infrastructure in seven communities, such as by flooding camps or washing out bridges; 

 Forest fires have impacted infrastructure in all participating communities, such as by causing power outages; 
 Impacts have been primarily observed on ancestral lands (7/8), but also in the community itself (5/8). 
 Assets considered a priority were buildings, transportation, and water management. 

o Transportation (8/8). E.g., the 2013 forest fire in Eastmain cut off the only access road to Eastmain thereby 
isolating the community (the James Bay Highway was closed for over 300 km, Breton et al. 2017). In Nemaska, 
the access road was flooded due to high water levels from sudden snow melt. 

o Buildings (8/8). E.g., less ice cover has increased erosion and some Cree camps have been exposed to this. Cree 
camps have been flooded due to high water levels, and property on ancestral land has been lost to forest fires. 

o Water management (4/8). E.g., a power outage (caused by a forest fire) at the wastewater plant in Oujé-
Bougoumou disrupted its services and led to raw sewage being dumped directly into the river. More frequent 
freeze-thaw cycles seem to have caused ice layers to block the drainage system in Mistissini. 

 Climate-induced impacts on assets have already led to budget overruns in a third of the communities, mostly as far as 
transportation and buildings are concerned, followed by energy infrastructure. 

Figure 4: Climate change impacts on infrastructure in Eeyou Istchee James Bay 

According to the CWS (pers. comm.), few impacts on infrastructure have been observed, which explains why 
no climate-related measures have been taken with regards to infrastructure, and climate change is not yet 
included in decision-making processes or infrastructure design. However, the community master 
development plan includes some erosion mitigation measures and “no build” zones (ibid.). No information on 
vulnerabilities, impacts or adaptation to climate change could be obtained from Cree economic development 
entities such as CREECO, AirCreebec, mining companies or the Cree Construction and Development Company.  

The following information describes general climate-related infrastructure challenges that can be useful for 
local decision-makers. Climate change can affect built infrastructure in various ways. According to FNQLSDI 
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(2017), climate hazards can deteriorate access or connectivity and provoke evacuation, thereby creating 
risks to civil security and reducing services. They can further decrease material durability, cause premature 
aging as well as more breakages, repairs and reconstructions. Hazards can lead to increased costs or higher 
frequency in terms of repairs, insurance and maintenance. They can impose the modification of 
construction planning and construction codes. Some climate impacts may turn out to be positive, i.e. 
reduced road maintenance due to milder temperatures, or the creation of jobs and development of climate-
specific expertise.  

Missing information about the state of infrastructure as well as inadequate management and maintenance 
practices make infrastructure vulnerable to climate change all across the province of Quebec whereas well-
maintained infrastructure is more resilient in a changing climate (Ouranos 2015Andrey et al. 2014). Figure 5 
presents some reflections on future adaptation of infrastructure in Eeyou Istchee James Bay. 

CLIMATE CHANGE ADAPTATION OF INFRASTRUCTURE 

Adaptation measures can be applied at different moments of the life cycle of an asset, such as at the planning (e.g. better 
adapted building materials), construction (e.g. revision of building codes and design), and maintenance (e.g. retrofit) stages. 
Several available climate scenarios should be included in infrastructure planning since infrastructure assets are often little 
adaptable and have a long life cycle. Climate uncertainty has to be integrated into risk analysis as well (Bourque & Simonet 
2008). 

According to infrastructure management professionals in Eeyou Istchee James Bay, the best general strategies to avoid future 
negative impacts of climate change included i) adapting the different types of infrastructure, ii) raising awareness among 
community residents and providing training, as well as iii) collaborating with external experts (FNQLSDI 2017). The best 
actions to reduce future negative impacts on assets included the following options: 

 Having access to maps of at-risk areas such as zones that are vulnerable to flooding or forest fires; 
 Providing access to accurate forecasts regarding floods and forest fires; 
 Raising awareness about the risks of climate-related disasters and the associated costs; 
 Adapting construction planning and code to climate risks in order to reduce the negative impacts on infrastructure in 

the event of a disaster. 
The risk-based assessment protocol developed by the PIEVC (Public Infrastructure Engineering Vulnerability Committee) is a 
great tool for engineers and planners enabling them to assess the vulnerabilities of infrastructure to extreme weather events 
and future climate change, to plan accordingly and design climate-resilient assets: https://pievc.ca/.  

Figure 5: Climate change adaptation of infrastructure in Eeyou Istchee James Bay 

 

 

 

 

It is important to act proactively by analyzing and reducing potential vulnerabilities, risks and costs 
associated with infrastructure maintenance, investment and replacement, such as by incorporating 
climate resilience into building design codes or in investments for retrofits. Climate-resilient norms, 
designs and building codes as well as climate-considerate asset planning could be promoted in 
awareness campaigns and professional trainings so that they can be included by local stakeholders in 
anticipation of future climatic conditions. Considering the future demographic development of the 
region and its increased need for housing (CNG 2015b) and other public and private infrastructure-
related services, it appears pertinent to start considering projected climate trends that can raise risks 
and costs. The Ministry of transportation (MTMDET) will analyze the impacts of extreme weather 
events and climate change on mobility and connectivity along the James Bay Highway, which will help 
to identify vulnerabilities in terms of terrestrial transportation. 

https://pievc.ca/
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4.2 NATURAL RESOURCES AND ECONOMIC DEVELOPMENT  
For the whole of Canada, little information on climate change impacts on natural resource development and 
industry is available as companies seem reluctant to disclose information in order to prevent damaging their 
competitiveness (Kovacs & Thisthethwaite 2014). According to the Department of Commerce and Industry 
(DCI) (pers. comm.), companies operating in Eeyou Istchee James Bay are starting to adjust project 
conceptions and to consider climate change following a common sense approach. However, the recent 
modernization of Quebec’s environmental authorization process (EAP) promotes adaptation to climate 
change and reduction of GHG emissions in the legal framework. A project proponent may be required to 
implement climate risk-considerate adaptation measures (“test climat”). According to the Department of the 
Environment and Remedial Works (ERW), this will favour project resilience and better protect the natural and 
social environment (Voyageur and McLean 2017). In this context, it will be crucial to consider regional climate 
projections (Chapter 2) and the socio-economic context of the North (Chapter 1) that differ from those of the 
South. 

4.2.1 MINING 
Eeyou Istchee James Bay is very rich in precious and base metals. Recently, a large gold discovery has been 
made in the Opinaca Reservoir area, and other areas promise substantial reserves of diamonds and gold 
(Otish Mountains) or lithium (Nemaska area). Quebec’s first diamond mine Renard was opened on Mistissini 
trapline M-11 in 2016. (Larbi & MacKinnon 2016) The ore found in Eeyou Istchee James Bay is of very high 
quality (Larbi 2017). All of these factors explain the recent boom in mining exploration, which is expected to 
further increase the need for workers (ibid.). Since climate is a crucial factor influencing a mine’s yearly 
operation conditions (Pearce et al. 2009a; Bussière et al. 2017), potential impacts and risks of a changing 
climate on the mining cycle need to be taken into account.39 Climate change has been acknowledged as an 
emerging concern by 75% of practitioners in the mining sector in Canada (Ford et al. 2011; Pearce et al. 
2011). In a survey conducted by Ford et al. (2011), respondents employed in the Canadian mining sector 
indicated that the most common climate hazards were: heavy rainfall (71%), heavy snowfall (56%), storm 
events (33%), flooding (25%), and cold temperatures (19%). 

Climate impacts on mining infrastructure and transportation networks as well as hydrology and operations 
are key areas of concern for the mining industry (Duerden et al. 2014). Climate-related risks (e.g. extreme 
events) are being considered more and more by investors and financial institutions because climate change 
could lead to operation costs beyond forecasts, or the need for unplanned capital investment (Acclimatise 
2010). No case studies on climate-related impacts on mining have been carried out in Eeyou Istchee James 
Bay, and the following general information applies to all mining sites. 

Climate change impacts the whole mining cycle from planning and site selection to operations and also the 
post-operation phase (Lemmen et al. 2014). The exploration phase has a low vulnerability to climate change 
because it is carried out over a short period of time and people can adapt along the way (Bussière et al. 
2017). In the exploitation phase, operations can be disrupted or delayed and built assets and transportation 
infrastructure (on-site and access roads) may be disrupted or weakened, e.g. from flooding, cyclones or forest 
fires (Duerden et al. 2014; Pearce et al. 2011). This can lead to high economic losses, for example due to 
higher maintenance costs or delayed exportation of products (Acclimatise 2010). The variability of climate 
extremes can become problematic in terms of water and residue management (e.g. capacity of retention 
basins, spillways, etc.) (Bussière et al. 2017). Moreover, operation costs and risks may rise (Duerden et al. 
2014). This has been observed at some sites across Canada. For example, more frequent power outages and 

                                                
39 Some concrete impacts include structural weakening of assets; drainage issues and release of pollutants; washouts or slope failure 
due to heavy rains; dust pollution or breakage of assets due to high winds; power outage and service disruption due to storms or 
forest fires, diverse socio-environmental post-operational problems due to changing climatic conditions, and on a positive note longer 
operating season due to milder climatic conditions (Pearce et al. 2011, Ford et al. 2010; Duerden et al. 2014). 
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associated loss of productivity can threaten the economic viability of mining operations, which may also 
prevent foreign capital investments (Acclimatise 2010). All in all, the vulnerability of the exploitation phase is 
considered less critical for Quebec’s mining sector due to its restricted life cycle, but companies need tools 
to integrate climate change into asset construction and planning (Bussière et al. 2017). An exhaustive 
vulnerability assessment of the mining sector in Quebec found that the restoration phase was the most 
vulnerable to climate change as it usually only considers historic climate conditions and not future 
projections (ibid.). For example, abandoned mining sites can become problematic when a site gets flooded 
overtopping the capacity of the tailings dyke and contaminating the surroundings. 

Figure 6 presents some reflections on future adaptation of the mining sector in Eeyou Istchee James Bay. 

CLIMATE CHANGE ADAPTATION OF THE MINING SECTOR  

The severity of climate hazards on mining depends on the impact on the natural environment, the built assets surrounding the 
mine as well as the type of mine. Therefore, no single solution is adaptable to all mining sites (Ernst & Young 2015). 
Adaptation strategies have been reactive and ad-hoc across Canada in response to extreme weather events, which has already 
caused financial costs to companies and the environment (Pearce et al. 2011). One third of polled mining companies have 
started to mitigate climate-associated risks in Canada such as by infrastructure upgrades or new engineering solutions (Delphi 
Group 2014). Some mining companies have conducted a climate change risk assessment such as Glencore’s Sudbury Integrated 
Nickel Operations in Ontario; the company consequently reviewed their standard operating procedures integrating new climate 
normals and adopted a plan with long and short-term adaptation measures (Ontario Centre for Climate Impacts and Adaptation 
2015).  

 Planning needs to be flexible, to recognize regional variation, and practitioners and scientists need to collaborate 
(Mining Association of Canada 2012).  

 The exhaustive report by Bussière et al. (2017) on the Quebec mining sector provides recommendations for each 
phase of the mining cycle (Appendix 13). 

 Mining projects in Eeyou Istchee James Bay could benefit from lessons learned at other mining sites across Canada, 
where climate impacts have already been observed or where climate adaptation is already being considered for the 
planning, operation and post-operation phases.  

 Companies should consider worst case scenarios of climate change to avoid bad surprises (DCI, pers. comm.). 
 Mitigation measures could be adapted to the benefit of the people who use the land  

 E.g. restoration of a mining site: planting of shrubs already present in the southern part of the territory to 
anticipate future northward migration and improve harvest of certain species for hunters such as moose (ibid.) 

Figure 6: Climate change adaptation of the mining sector in Eeyou Istchee James Bay 

4.2.2 HYDROELECTRIC ENERGY  
Energy supply, transmission and demand are all vulnerable to climatic variability (Lemmen et al. 2014; Delphi 
Group 2017). The subsector of energy transmission and distribution is one of the most vulnerable to climate 
change (Wilson 2017). For example, transmission lines and other energy distribution infrastructure are 
vulnerable to extreme weather events, and production facilities could be exposed to more flooding, forest 
fires, severe storms or ice hazards disrupting energy supply (Lemmen et al. 2014; Ouranos 2015). The hazards 
are projected to become more frequent in Eeyou Istchee James Bay (see Chapters 2.2 & 3.2.1). Many 
industries rely on electricity, and consequently, impacts on the energy sector may indirectly influence other 
sectors as well (Delphi Group 2017). 

 Power outages in several communities in Eeyou Istchee James Bay have occurred frequently due to 
forest fires (FNQLSDI 2017). Since forest fires are predicted to increase in the future (Chapter 3.2.1) 
these kinds of power outages could occur more frequently. 

Considering the geographical location and the lifespan of energy infrastructure is very important in the 
context of a changing climate (Delphi Group 2017) since the life span of assets such as a hydropower dams is 
about 100 years. This makes them highly vulnerable to environmental changes (e.g. changes in maximum 
precipitation could increase flooding risks) (Clavet-Gaumont et al. 2017). Climate change affects the timing 
and magnitude of river flows (Chapter 1.5), and requires action on adaptive reservoir management (Lemmen 
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et al. 2014; Lemmen et al. 2016).  

 An increased river flow in response to higher precipitation (Chapters 2.3 & 2.5) could be beneficial 
for hydroelectric power generation in Eeyou Istchee James Bay, but higher hydrologic variability 
could provoke overflows (Lemmen et al. 2014). 

For the whole Canadian energy sector, no risk-based economic analyses have been conducted, and 
stakeholders relate this to missing (political) guidance (Delphi Group 2017). No lessons learned are made 
public, even though large companies in the energy sector seem to assess physical climate risks annually 
(ibid.). Nevertheless, in Ontario, the Infrastructure Engineering Vulnerability Committee (OIEVC) Protocol was 
applied to assess the vulnerability of the electrical transmission sector and Toronto’s Hydro-Electric System 
(Wilson 2017). In Quebec, the big ice storm in 1998 led to the implementation of new construction criteria for 
electrical transmission facilities (Eyzaguirre & Warren 2014). Figure 7 presents the main barriers to 
adaptation, and current adaptation projects from Hydro Québec.  

CLIMATE CHANGE ADAPTATION OF HYDROELECTRIC DEVELOPMENT 

According to Braun & Fournier (2016), the principal barriers to adaptation in the energy sector are: an imprecise understanding 
and perception of climate change and climate projection uncertainty, a lack of a rationale for investment, missing collaboration 
between experts and companies or between companies, a lack of customized data, insufficient technical and institutional 
guidance, and the need to adapt existing tools. 

 Hydro Québec (HQ) currently does not include future climate scenarios in hydrological projections (pers. comm.). 
 HQ is working on the adaptation of the management rules of the La Grande complex in a climate change context.  
 HQ is currently contributing to Team 2 of the BAYSYS project on evaluating climate change impacts and the regulation 

of freshwater discharge on freshwater and marine systems in HB 
(http://umanitoba.ca/faculties/environment/departments/ceos/media/BaySys_PROJECT_DESCRIPTION.pdf) 

Figure 7: Climate change adaptation of hydroelectric development 

4.2.3 FORESTRY  
Climate change affects the distribution, productivity, composition and disturbance regimes of forests (Chapter 
3.2.1), and will therefore also influence forestry activities (Lemmen et al. 2014; CEAEFCC40 2017; Boccanfuso 
et al. 2014). Considering the rapidity and amplitude of changes, it will be necessary to integrate projected 
changes into sustainable forestry management such as by adjusting composition planning (CEAEFCC 2017).41 
The following information applies to the boreal forest in general. 

 A longer growing season and higher forest productivity could raise revenues.  
 Climate change can positively and negatively (e.g. more pest outbreaks) influence wood harvest and 

the quality of forest products (berries, mushrooms, medicinal plants), and its cultural and 
recreational value (Chapter 3.2; Lemmen et al. 2014; CTA 2011).  

 The predicted higher wildfire occurrence and intensity (Chapter 3.2.1) may lead to a loss of timber 
production, endanger forestry operations and the safety of workers (Le Goff et al. 2009). Forest fire 
risk also needs to be considered to determine where sustainable forestry practices will be possible 
(see Appendix 14). 

 Climate change adds a new layer of complexity to fire management42, and more resources 

                                                
40 Comité d’experts sur l’aménagement écosystémique des forêts et les changements climatiques (CEAEFCC) 
41 For more information see the complete volume of the Canadian Journal of Forest Research dedicated to the boreal forest of 
Quebec:  Assessing the biophysical potential for sustainable forest management: a case study from Quebec’s boreal forest (Vol. 45, 
issue 5) (Jobidon & Bergeron 2015). 
42 For successful sustainable management, people need fire mapping programs to track fire activity, monitoring of biodiversity 
indicator species and cost-benefit analysis of management interventions (ibid.). It is recommended that land management strategies 
for fire-sensitive forest areas include these risks (MERN 2013). It is important to anticipate where the fire load will be high in the 
future in order to adapt fire management practices. Resources (e.g. staff, material, etc.) need to be redistributed to keep escape fire 
rates low (projected to increase in Canada) (Wotton et al. 2010). Using deciduous species as a fire mitigation strategy could prove to 

http://umanitoba.ca/faculties/environment/departments/ceos/media/BaySys_PROJECT_DESCRIPTION.pdf
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(time, effort) will be needed to extinguish and manage wildfires (Bowland & Murphy 2010; 
Price et al. 2013).  

 Climate hazards can create additional risks and costs for forestry operations, e.g. in terms of forest 
access. In Eeyou Istchee James Bay, a costly bridge built by a forestry company was washed out due to 
an extremely high spring melt and forest fires can cut off access roads (DCI, pers. comm.). 

Across Canada, climate awareness has increased among forestry practitioners and governments, and current 
practices rely more and more on an adaptive approach instead of crisis management (Lemmen et al. 2014). 
The Canadian Council of Forest Ministers has labelled climate change one of two national priorities for 
sustainable forest management (Lemmen et al. 2014). Figure 8 outlines recent research on adaptation of the 
forestry sector. 

CLIMATE CHANGE ADAPTATION OF THE FORESTRY SECTOR  

Today’s decisions will have long-terms impacts for over 100 years due to the regeneration times of tree species. In the light of 
uncertain changes for forest ecosystems, adaptation strategies should focus on preservation, restoration and strengthening of 
the ecosystems’ capacity to react to stress, also considering traditional forestry knowledge (CCEAEFCC 2017; Uprety et al. 
2012). This could be achieved by analyzing stressors to different components of the ecosystem and adjusting land planning 
practices (CCEAFCC 2017). The CCEAEFCC (2017) recommends that vulnerability to climate change should be integrated into 
forest management planning and that monitoring of climate impacts on forests should be strengthened. According to C. 
Dymond (2017), species diversity reduces impacts of disturbances, and increases and buffers productivity. Therefore, it is 
suggested to practice diversification planting and encourage harvesting in regions favoured by climate change (ibid.). 
 
Furgal & Prowse (2008) provide an overview of strategic and operational-level climate change adaptation options (see Appendix 
15), and the climate assessment carried out by the Climate Change Impacts and Adaptation Division at Natural Resources 
Canada (Lemmen et al. 2014) discusses vulnerabilities and adaptation. 

 The Climate Change Task Force (CCTF) develops several documents, tools and frameworks to help forest managers 
move forward with adaptation planning and conduct vulnerability assessments (Johnston & Gatin 2017). Available at: 
www.ccmf.org/english/coreproducts-cc.asp 

 The interactive online platform Climate Change Adaptation Community of Practice (CCACoP) has a group dedicated 
to forestry called Forestry Adaptation Community of Practice (FACoP) where best practices are shared (ibid.) 

 Prospective adaptation actions present a knowledge gap and still prevent action according to the National Roundtable 
on the Environment and Economy (Lemmen et al. 2014). This could be a field of future studies. 

Figure 8: Climate change adaptation of the forestry sector in Eeyou Istchee James Bay 

4.2.4 TOURISM 
Outdoor, adventure and cultural tourism in Eeyou Istchee James Bay rely on weather conditions and the 
presence of iconic species and certain plants. Tourism can be positively or negatively affected by climate 
change. To our knowledge, no publicly available study or report focuses specifically on tourism and climate 
change in Eeyou Istchee James Bay. Therefore, the following information was extracted from other case 
studies, general reports, and information provided by local stakeholders in order to draw a picture of the 
potential impacts of climate change. 

 Warmer temperatures could be beneficial for longer touristic seasons and more summer 
recreational activities and potentially higher revenues (Lemmen et al. 2016), whereas revenues from 
winter activities (ski, snowmobile, and snowshoe) may be affected from unpredictable weather 
patterns, softer snow, later freeze-up of lakes, and unstable ice conditions (see Chapter 2). 

 The quality of sports fishing (pike, walleye, lake, and speckled trout), hunting (e.g. caribou) and 
wildlife watching could be negatively or positively impacted by climate-induced changes in wildlife 
distribution, abundance and health (COTA, pers. comm.; Kovacs & Thistlethwaite 2014; Chapters 3.1.4 

                                                                                                                                                               
be efficient to reduce fire propagation and improve public safety (ibid.; Flannigan 2017). Younger stands of trees also significantly 
lower the burn rate by about 50% (Erni et al. 2017).  

http://www.ccmf.org/english/coreproducts-cc.asp
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and 3.2.2). Lower abundance and quality of game may put higher pressures on subsistence harvesters 
(Chapter 1.4) and increase competition with sport hunters. In fact, due to the decline in migratory 
caribou, a moratorium will be effective on February 1, 2018 for sports hunting of caribou.  

 Tourism infrastructure (e.g., wharves, coastal properties, hunting and fishing outfitters and camps) 
distributed all across the region (Appendix 1) and cultural sites could be damaged by more extreme 
weather events (Chapter 2.2) and also pose safety problems (e.g. evacuation, energy supply) 
Lemmen et al. 2016; Savard 2016). 

 The cultural economy, i.e. Cree arts and crafts and the Cree way of life, may be affected if certain 
materials found in the natural environment are not available anymore, skills are not transferred to 
produce crafts, and intergenerational knowledge of Cree life is transferred less from the elders to the 
youth (Cree Vision of Plan Nord 2011; COTA pers. comm.). 

 COTA is currently evaluating the touristic potential of a polar bear viewing boat tour on North and 
South Twin Islands 60km offshore from Wemindji (Hossein 2017). Besides understanding bear 
behaviour in response to a higher human presence or the capacity of Wemindji to accommodate a 
substantial flux of tourists, knowing weather conditions (e.g. extreme weather events, strong waves, 
sea currents, unpredictable weather etc.) (Chapter 2) and how they will be impacted by climate 
change will be important to guarantee safe rides for tourists by boat and the feasibility and economic 
viability of such a project (Hossein 2017; Tyrrell 2006; COTA pers. comm.). 

Figure 9 presents some aspects of adaptation of the tourism sector in Canada and Eeyou Istchee James Bay. 

CLIMATE CHANGE ADAPTATION OF THE TOURISM SECTOR  

In response to climate change, the tourism sector in Canada has implemented various ad-hoc adaptation strategies such as 
snowmaking, air-conditioning, fire-smart landscaping, communication via web cams and seasonal business diversification. 
However, stakeholders in the sector have not assessed long-term environmental and financial sustainability of their practices, or 
investigated in how far current adaptation practices will be sufficient in the future. Generally, climate change has not been 
perceived as a great risk, and even if adaptation measures are being used they are often kept behind closed doors for strategic 
reasons. Nevertheless, Parks Canada, the Tourism Industry Association of British Columbia and some provincial parks agencies 
have been very proactive in climate-considerate planning, and could help the outdoor tourism sector in Eeyou Istchee James Bay 
adapt. (Kovacs & Thistlethwaite 2014) 

 Since Eeyou Istchee James Bay may both suffer and benefit from climate change, it would be important to seize 
future opportunities while also preparing for potential losses.  

 COTA suggests that planned activities of coastal tourism (e.g. boat cruises) and outfitters should consider climate 
risks to revenues and civil security, such as unpredictable weather patterns, extreme events and changes in the 
availability and quantity of certain species that are important for sports fishing and hunting (pers. comm.).  

 More information on climate impacts and cost-effectiveness of adaptation strategies for tourist operators may present 
promising research avenues for the future. 

Figure 9: Climate change adaptation of the tourism sector in Eeyou Istchee James Bay 

 

 

In terms of industrial and economic development, it is essential to understand the vulnerabilities of the 
mining, forestry, hydroelectricity, and tourism sectors as there is a lack of local case studies and hazard 
mapping for land-use planning and development (cumulative impacts). Climate hazards should be 
considered in medium and long term planning, as they may have significant impacts on the 
environment, operations, infrastructure and civil security. It will be necessary to use up-to date climate 
information and anticipate risks on the life cycle of installations and operations. New climate 
information should be communicated in a user-friendly, collaborative and practical manner so that 
stakeholders can better appreciate the risks for their sector and adapt activities accordingly. 
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CHAPTER V – ADAPTATION TO CLIMATE CHANGE 
International climate policies have significantly focused on curbing GHG emissions in order to prevent 
dramatic climate change and the crossing of key climate tipping points (Ford 2012). Yet, proactive adaptation 
measures are necessary because global warming is unavoidable. It will have significant socio-economic and 
environmental effects. According to Ford (2012), adaptation is considered a crucial aspect of climate policy 
from the local to the international level. It provides populations with the means to preserve their culture, to 
assert livelihoods and to strengthen health and economic development.  

5.1 ADAPTATION READINESS AND CAPACITY  
At the international level, the Paris Agreement (2016) aims at keeping global temperature rise below 2°C and 
strengthens the ability of 160 countries to adapt to the impacts of climate change (IPCC 2014). At the national 
level, many governments have developed climate change adaptation plans in recent years, and sectoral 
adaptation initiatives have been put into place (Ford 2012; IPCC 2014; Ouranos 2015). Recently, Canada has 
released the pan-Canadian framework on clean growth and climate change (2016). This strategy recognizes 
the particular vulnerabilities and rights of indigenous peoples, and also draws on traditional knowledge for 
decision-making. There are also several other mechanisms such as the Climate Change Adaptation Platform 
(NRCan) and different federal programs that support climate change adaptation research and exchanges (e.g. 
ECCC, Health Canada, AANDC). At the provincial level, Quebec has its own strategy on climate change 
adaptation for 2013-2020 to reduce emissions and improve resilience for the benefit of Quebec society. 

5.1.1 VULNERABILITIES AND TRADITIONAL KNOWLEDGE  
Indigenous peoples are often described as “powerless victims of climate change” (Ford 2012). Yet, this 
underestimates their capacity to adjust and use traditional knowledge systems for adaptation purposes. As 
stated by an elder of Weenusk in Western James Bay: “The Cree have always adapted and they always will. 
Just like every other species out there. Some migrate. Some stay and adapt” (Lemelin et al. 2010:8). 
Indigenous peoples have adapted to natural and cyclical changes of the environment for generations, but 
unexpected and abrupt changes can become problematic (Larivière 2011).  

Almost everyone speaks Cree in Eeyou Istchee James Bay, and cultural continuity and the preservation of 
traditional activities is encouraged in many ways, for example through specific cultural programs organized 
on the community level, or widely celebrated festivities and holidays such as Goose Break and the Walking 
out Ceremony. Nevertheless, the Cree, as well as other indigenous communities, face common challenges 
with respect to cultural continuity and knowledge transfer trying to preserve cultural activities and language 
in a rapidly changing and increasingly modernized world (Cree Vision of Plan Nord 2011). Preserving and 
transmitting traditional knowledge to the next generation is seen by the research community as a major key 
to adaptation success in the long run because it can reduce vulnerability to climate change (Ford 2012). 
Several case studies have also shown that linking local knowledge to scientific observations increases the 
pertinence of adaptation measures (Ouranos 2015).  

When engaging in climate change adaptation, it is important to determine the nature and extent of 
vulnerability43 of a population exposed to climate change in order to find the best and most effective 
adaptation actions that are also culturally appropriate (Syvänen 2011; Downing & Cuerrier 2011). For 
example, an appropriate adaptation measure for the inland communities of Eeyou Istchee James Bay may be 
useless on the coast or vice versa. An action sufficient for one community or group of people (e.g. elders, 
                                                
43 Vulnerability encompasses a variety of concepts including sensitivity or susceptibility to harm and lack of the capacity to cope and 
adapt. 
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children, hunters, etc.) might be insufficient for another since vulnerabilities are not the same, and thus 
cannot be treated the same way.  

5.1.2 A FLEXIBLE AND PARTICIPATIVE ADAPTATION PROCESS 
According to Pearce et al. (2012), it is essential to ensure community participation during adaptation 
research, planning and application to grasp the full extent of what we are adjusting to. Experiences in the 
Canadian Arctic have revealed that community-driven research, community based-monitoring or co-
management practices can be challenging at times, but appear to be means that encourage exchange 
between communities of different knowledge systems and foster recognition and value of traditional 
knowledge (AACA 2015; IAIA 2017; Ouranos Symposium 2017 – Session on northern environments).  

Adaptation initiatives, strategies or plans should be considered as dynamic and ‘living documents’ that need 
to be updated and require continual reassessment (Pearce et al. 2009b; Pearce et al. 2012). Adaptation 
planning should be regarded as “the initiation of a practical and ongoing conversation that will shape 
actions through time” trying to “develop a framework for integrating and responding to new and changing 
information”, not creating a static knowledge base (ibid.). Adaptation should be a flexible, adjustable and 
continuous learning process which requires evaluation and monitoring of implemented adaptation actions 
and evolving climate risks (Ouranos 2015; Ouranos 2010). Adaptation requires both short-term (i.e. 
switching species or modifying the time and location of the hunt) and long-term adaptation strategies (i.e. 
modifying cultural practices) (Berkes & Jolly 2002).  

According to Ouranos (2015), adaptation can take various forms, such as physical and structural adaptation 
relying on engineering and technological innovations. It can also occur through institutional leverage such as 
guides, regulations, economic and financial tools and governmental adaptation plans. The third type of 
adaptation implies communication tools and knowledge sharing. 

5.1.3 EXISTING ADAPTATION INITIATIVES IN EEYOU ISTCHEE JAMES BAY 
This state of climate change and adaptation knowledge indicates that Eeyou Istchee James Bay is in the 
initial phases of the adaptation process (Figure 10- 1,2,3).  

 
Figure 10: Stages and steps of the adaptation process. ©Eyzaguirre and Warren 2014 

At this stage, awareness of climate impacts and needs for adaptation are becoming apparent, but regional 
organizations may need more information and support (e.g. strategic, technical, financial, human resources, 
etc.) to implement strategic targeted actions. So far, there are very few initiatives regarding infrastructure, 
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industry, ecosystem management and subsistence harvesting besides those already outlined in the previous 
chapters (Figures 1, 5-9). This may be due to a lack of accessible information, or because climate change has 
not yet been defined as a priority issue. Several monitoring and adaptation measures have been put into 
place in Mistissini, Whapmagoostui and Waskaganish (Appendix 16), mainly related to ice conditions and 
safety measures, but also water temperature and land access. These actions are mostly spontaneous and 
restricted locally and do not include any systematic data collection (CTA 2011).  

Generally speaking, proactive adaptation initiatives are rare or actions are not documented in written form. 
Community adaptation actions such as announcements on the radio to warn people about unsafe ice 
conditions (Whapmagoostui), ice monitoring after freeze-up by the Fire Department (Mistissini), and marking 
a safe ice path by the Police and Safety department (Whapmagoostui) are used on an ad-hoc basis (CTA 
2011). Besides, young hunters usually carry cell phones to communicate and check the weather in advance 
(Larivière 2011). The CTA made a call for action in 2011 stating that new security and safety awareness 
programs were needed to prevent accidents on the ice, in particular in spring (Royer et al. 2013). In the 
context of the Wemindji Protected Areas Partnership, the Cree Nation of Wemindji is developing a 
conservation strategy to establish an interconnected network of protected areas, safeguard wildlife, ensure 
food security and make sure that Cree values are considered in conservation planning. One key goal of this 
strategy is to build in resilience to climate change such as by creating areas that can buffer disturbances and 
accommodate wildlife shifts (CNG 2015a).  

The Cree Nation Government also participates in the interregional monitoring of caribou, the Ungava 
Peninsula Caribou Aboriginal Roundtable, together with the Inuit of Nunavik and Nunatsiavut, the 
NunatuKavut Community Council, the Naskapi Nation of Kawawachikamach, and the Innu communities in 
Quebec and Labrador. 
 
Figure 11 presents future climate change adaptation strategies that were collected during climate change 
workshops carried out by the CTA.  
 

PROPOSALS FOR CLIMATE CHANGE ACTION IN EEYOU ISTCHEE JAMES BAY (CTA 2011) 

Climate change adaptation proposals elaborated by participants from Mistissini, Whapmagoostui and Waskaganish in workshops 
organized by the CTA included three main actions. 

 Creating local climate change committees based on already existing structures whenever possible. Main functions: 
maintaining general awareness of climate change, networking with other Aboriginal communities, holding an annual 
community consultation on the state of the environment and informing the people of ongoing scientific research, as well 
as identifying funding sources and partnerships to implement the needed activities.  

 Monitoring climate change to gain a better understanding of changes in collaboration with research centres. This should 
also create training opportunities for young Cree researchers and actively engage youth as community researchers. 
Suggested monitoring activities: collect data on ice and weather conditions; monitor the main ice roads and implement a 
warning system; monitor polar bear activity around the communities; monitor habitat and wildlife; conduct a vulnerability 
assessment of species of concern. Some changes could be monitored without technical equipment such as seasonal 
signals. 

 Establishing security and awareness programs which may even be included into the school curriculum, e.g. winter survival 
camps. It was suggested to review existing emergency response plans and add safety equipment, install preventive early 
warning systems for extreme events, and increase community trade for sharing traditional foods and maintaining food 
security. 

Figure 11: Proposals for climate change action in Eeyou Istchee James Bay 

Three draft action plans to tackle climate change were also elaborated for Mistissini, Waskaganish and 
Whapmagoostui (see Appendix 17, 18, 19). However, climate actions could not be put into place following the 
workshops due to a lack of funding and staff (CTA, pers. comm.). Nevertheless, these action plans and the 
solutions already identified to tackle climate change issues could be used in the future if funding and 
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resources are secured. It is to our understanding that these actions still reflect the priorities of the 
communities. The collaborative climate change monitoring tool GeoPortal, developed by the CTA, has not 
been used by Cree hunters and trappers since 2011, likely due to a lack of promotion and other limitations 
(CTA, pers. comm.). These examples indicate that monitoring and performance control as well as financial 
stability and continuous funding are crucial to guarantee the effectiveness of climate change adaptation. 
Experience from other community-based adaptation programs in Nunavik shows similar results. 
 

 

5.1.4 LEARNING FROM OTHER INDIGENOUS COMMUNITIES 
Some indigenous communities in Canada have implemented very promising adaptation strategies. There are 
projects in various fields. The following examples could provide inspiration, and their progress and results will 
shed a light on facilitating factors and barriers which could help advance adaptation action in Eeyou Istchee 
James Bay.  

 Ice monitoring: SmartICE is a real time ice monitoring project in Labrador. https://smartice.org/  
 Food security: Community greenhouse: https://inuvikgreenhouse.com/; Avativut project on berry 

productivity: http://www.cen.ulaval.ca/avativut/en_accueil.aspx; Kuglutuk Berry Monitoring Project: 
http://www.arcticcbm.org/index.html#eyJ0IjoieCIsImkiOiIxZGY4Mjg0MWQzZWM5MmYwY2Y2OTQzZ
TE1NTY1MjRjZiJ9. The Arctic Institute of Community-Based Research has multiple projects on food 
security.  

 Infrastructure: The Nain Research Centre has a multidisciplinary initiative called Sustainable 
Communities http://nainresearchcentre.com/the-sustainable-communities-initiative/ which focuses 
on housing, infrastructure and community development; energy security and also food security in the 
context of climate change and rapid population growth. Kativik Regional Government produced a 
guide on climate change adaptation for municipal practices. The community of Akwesasne is currently 
working on adapting the PIEVC (Public Infrastructure Engineering Vulnerability Committee) protocol 
to a First Nations reality in terms of water management. 

 Species: Community Youth Researcher Survey on Polar Bear and Caribou in Fort Severn, Ontario. 
http://www.climatetelling.info/fort-severn.html or the Arctic Borderlands Ecological Knowledge Coop 
working on caribou monitoring in the North-West-Territories, Yukon and Alaska. 

 Traditional knowledge: award-winning SIKU project to create a living wiki-archive of Inuit knowledge. 
https://arcticeider.com/siku-help  

Firstly, raising awareness among stakeholders in the fields of infrastructure, economic development, 
natural resource management, biodiversity conservation, health and culture can strengthen general 
mobilization around climate-related risks, conservation and environmental protection. Consultations 
with regional organisations, stakeholders, government bodies, industry, researchers and end-users 
could be used to point out urgent and emerging issues relating to climate change, specific to the 
region. Secondly, building bridges between knowledge systems, local needs and operationalization of 
adaptation is a major challenge but it can be achieved with robust scientific knowledge, valorization 
of traditional knowledge and fruitful collaborations and partnerships with the region and 
communities. Integrating adaptation in policy and decision-making, for example in strategic 
documents such as land-use plans, can provide a useful framework for action. Thirdly, given the 
significant challenges posed by climate change, active research bodies and governments must better 
coordinate research efforts to support authorities that oversee the development and protection of 
the territory. 

https://smartice.org/
https://inuvikgreenhouse.com/
http://www.cen.ulaval.ca/avativut/en_accueil.aspx
http://www.arcticcbm.org/index.html#eyJ0IjoieCIsImkiOiIxZGY4Mjg0MWQzZWM5MmYwY2Y2OTQzZTE1NTY1MjRjZiJ9
http://www.arcticcbm.org/index.html#eyJ0IjoieCIsImkiOiIxZGY4Mjg0MWQzZWM5MmYwY2Y2OTQzZTE1NTY1MjRjZiJ9
http://www.aicbr.ca/
http://nainresearchcentre.com/the-sustainable-communities-initiative/
http://www.climatetelling.info/fort-severn.html
http://arcticborderlands.org/
https://arcticeider.com/siku-help
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CONCLUSION & RECOMMENDATIONS 
Climate change affects social and natural environments, built infrastructure, industrial and economic 
development (Figure 12). Therefore, it represents a major challenge to Cree culture, identity, health and 
subsistence activities, which are intimately linked to the land, its occupation and use (Figure 12). Various 
studies have demonstrated that climate change also exacerbates existing stressors such as industrial 
development or socio-economic challenges (Ouranos 2015). This report demonstrates, by relying on scientific 
studies and local observations by the Cree, that significant changes are already occurring, e.g. warmer air 
temperature, more extreme events, northward migration and phenological changes in species, modifications 
of land access, etc.  

 
Figure 12: Impacts of climate change on the environment, economy, infrastructure, industrial development and the maintenance of 

Cree identity and way of life 

Although some adaptation initiatives are progressing, they are still very limited and mostly voluntary or 
reactive, such as ways to adapt subsistence harvesting, infrastructure management or industrial 
development. Considering the observed and projected changes presented in this report, it appears necessary 
to think proactively about adaptation strategies and continue research in a region that has been largely 
overlooked in the past. Examples in Canada have shown that it is possible to adapt by relying on the use of 
general assumptions (e.g. climate events will recur, continue or increase in severity and frequency) and 
climate predictions with a certain degree of uncertainty (Eyzaguirre & Warren 2014).  
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In order to apprehend changes, mitigate effects and adapt adequately, future studies may focus on the 
research gaps and recommendations identified in this report and summarized in Table 10. However, local and 
regional consultations should be carried out to verify which topics are really relevant and could help the 
communities move forward and better prepare for the future. Research needs to take a holistic, 
multidisciplinary approach and should be carried out by or in cooperation with local stakeholders, while also 
aiming to engage and train Cree youth. Past studies in Nunavik and Nunatsiavut (Allard & Lemay 2013) as well 
as several ongoing studies (e.g. ArcticNet’s IRIS 3 report; public consultations in the Eeyou Marine Region) can 
provide valuable information and research directions. Existing tools such as the GeoPortal or strategies 
applied at the community level (e.g. awareness and security programs) may just need to be promoted, 
supported more or adapted to encourage a widespread use all across Eeyou Istchee James Bay.  

Table 10: State of climate change knowledge in Eeyou Istchee James Bay, research gaps and recommendations 

 

2017 report 2007 report

Culture and identity  
Mental & physical health  
Food security & subsistence  

Air temperature  
Precipitation  
Snow  
Winds  
Lake and sea ice  
Sea surface temperature  
Sea surface salinity  
River discharge  
Aquatic ecosystems  
Terrestrial ecosystems  
Flora and fauna  

Built infrastructure   Assess vulnerabilities, risks and costs associated with the
maintenance, investment and replacement of assets. Promote
climate-resilient norms, designs and building codes as well as
climate-considerate asset planning in awareness campaigns and
professional trainings so that they can be included by local
stakeholders in anticipation of future climatic conditions. 

Industry & economic development   Evaluate vulnerabilities and integrate climate risks into medium
and long-term planning. Use up-to-date regional climate
projections and anticipate risks on the life cycle of installations
and operations. Communicate new climate information in a user-
friendly, collaborative and practical manner.

Adaptation   Raise awareness and collaborate. Carry out consultations with key 
stakeholders. Build bridges between knowledge systems, local 
needs and operationalization of adapation. Integrate adaptation 
into policy and decision-making. Better coordinate multi-level 
research efforts. Combine results from scientific research and Cree 
knowledge and ensure knowledge transfer. Build from existing 
adaptation knowledge. 

The table shows  the s tate of knowledge and scope of assembled information (scienti fi c and loca l  observations) for this  report 
in comparison to the  JBACE report from 2007. It a l so outl ines  recommendations  identi fied for each chapter in the latest report. 
Red cross : no information. Tick marks  indicate the ava i lable level  of information or research for Eeyou Is tchee-James  Bay.  
Black: very l imited. Orange: medium. Green: good

State of knowledge

Study the social links to climate change. Research and analyze the 
complex relationship between climate change and food security, 
land access and health adopting a multidisciplinary and holistic 
approach. E.g. create short- and long-term health and resilience 
programs and encourage emotional health and well-being.

Acquire data and monitor changes in the climate system. Conduct  
detailed, local studies of several climate parameters relying on 
traditional knowledge and scientific methods to establish a better 
reference climate  and  more reliable baseline data. E.g. research 
on lake mechanisms and dynamics, snow cover trends, frequency 
and intensity of extreme weather events, river flow, interaction 
between marine and freshwater systems, ocean dynamics and 
bathymetric mapping. 

Acquire data and monitor prioritized species. Carry out 
vulnerability assessments. Study the interactions between 
different ecosystems and also wildlife dynamics. Examine the 
response of iconic species to climate change,especially those 
harvested by the Cree and important  for local economies (e.g. 
medicinal plants, whitefish, marine birds etc.).  Study the response 
of wetlands (e.g.  precipitation, soil moisture levels), marine (e.g. 
primary production), coastal and freshwater systems to climate 
change, monitor insect outbreaks and invasions, better 
understand  fire frequency and intensity and repercussions on 
forest management. Develop an effective climate change 
adaptation strategy for biodiversity conservation.

RecommendationsTopic
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Climate change research and adaptation actions can be mainstreamed into practices, but it is important for 
decision and policy makers at all levels to recognize the issue and its many challenges for the Cree way of life 
and sustainability. Integrating climate change into frameworks such as land-use planning, resource 
management plans or research agendas will help to better coordinate adaptation efforts. Close collaborations 
among multi-level stakeholders (e.g. regional authorities, researchers, local organizations) encourage 
participation in the adaptation process, and can also facilitate the implementation of actions. Examples 
presented in this document indicate that monitoring and performance control as well as financial stability and 
continuous funding are crucial to guarantee the effectiveness of climate change adaptation. Finally, new 
information derived from climate and adaptation sciences should be communicated in a user-friendly way to 
the target audiences.  
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APPENDIX 1 

 

Forestry, energy transport lines and hydroelectric and mining development with Cree cabins, outfitters 
camps and recreational camps (Cree Regional Authority 2010) 
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APPENDIX 2 
 

Category Keywords 

Climate change 
synonyms  

Climate change, environmental change, global change, climatic change, global warming 

Geographic terms James Bay, Eeyou Istchee, Cree, James Bay Cree, Hudson Bay, subarctic Quebec 

Thematic 
qualifiers 

 

 

 

 

 
 

 

Climate system: 
Sea ice, weather, river, storm, wetland*, peatland*, marine ecosystem*, ecosystem 

Ecosystems: 
Flora, fauna, wildlife, plant*, vegetation, mammal*, fish, vertebrate*, bird*, plankton, 
ecosystem, freshwater ecosystem* 

Health and culture: 
Health, mental health, well-being, culture, identity, traditional activit*, medicinal plant, 
traditional knowledge 

Infrastructure: 
Infrastructure, built environment, industry, housing, transport*, mining, tourism 

Adaptation: 
Adaptation, adapt*, vulnerability 

Timeframe 2007 – 2017  

 

Categories and keywords used to build search strings 
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The tripartite model of place attachment (Scannell & Gifford 2010): “The person dimension of place 
attachment refers to its individually or collectively determined meanings. The psychological dimension 
includes the affective, cognitive, and behavioral components of attachment. The place dimension 
emphasizes the place characteristics of attachment, including spatial level, specificity, and the 
prominence of social or physical elements.” 

 

 

 

 

 

 

 

 

 

 

 

 

 



   57 

APPENDIX 4 

 

The 6 seasons of the Cree in Waswanipi and traditional activities associated with each season. 
Information obtained from the website of the community. 
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APPENDIX 5 
 

 

The plot compares the warming rates over the last 30 years (1987-2016) with the long term trend (1948-
2016). This shows that the recent warming is stronger than the long term warming in most months, 
especially in the fall and winter (Oct-Feb).  (R. Brown, 2017, unpublished data) 

 

Trends in annual mean temperature from 1948-2012. Statistically significant trends at the 5% level are 
marked with a dot (Vincent et al. 2015) 
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Trend analysis of surface air temperature in Eastern Canada (Way et al. 2017) 
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APPENDIX 6 

 

 

Schematic showing the increased probability of temperature driven extreme events under a warmer 
global climate (IPCC 2014) 
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APPENDIX 7 

 

 

Change of relative sea ice thickness (January to April) projected for 2041-2070 in comparison to 
reference 1961-1990 (Joly et al. 2011) 
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Trends in the length of the sea ice season from 1979 to 2013 (Parkinson 2014) 
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Isostatic rebound in Hudson Bay, present-day rate of uplift for model nn2059 (Tarasov 2004) 
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APPENDIX 10 
 

 

Percentage of wetlands (MH) in Quebec. The concentration of wetlands in Eeyou Istchee James Bay is 
much higher than in other regions of the province (Pellerin & Poulin 2013). 
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APPENDIX 11 

  

 

Projection of spruce budworm migrations (Régnière et al. 2012, found in Samson 2012). 
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APPENDIX 12 

 

Data assembled and trends calculated based on the information from the big game and small game 
harvest reports dating from 1992 to 2017 (Hennigs, 2017). The individual reports can be found on the 
website of the Cree Trappers Association: http://www.creegeoportal.ca/cta/ 

 

  

Black bear Caribou Moose Beaver Lynx Marten Otter Muskrat Red fox
2016-2017 149 225 484 529 69 1716 52 68 66
2015-2016 160 440 483 1026 106 1547 109 217 123
2014-2015 223 204 606 798 103 1172 79 132 226
2013-2014 132 333 647 1451 129 1754 150 289 107
2012-2013 106 84 548 1342 95 2275 147 255 149
TREND 2012-2017 154 257,2 553,6 1029,2 100,4 1692,8 107,4 192,2 134,2
2006-2007 139 224 463 3141 94 2375 283 473 225
2005-2006 105 102 394 2399 96 4848 233 509 233
2004-2005 142 343 672 2291 77 4603 255 392 294
2003-2004 238 870 612 3277 117 3839 337 513 439
2002-2003 103 452 438 2980 87 2731 297 705 466
TREND 2002-2007 145,4 398,2 515,8 2817,6 88,8 3679,2 281 518,4 330,8
1996-1997 99 277 415 2460 43 2650 308 670 294
1995-1996 101 332 522 1486 31 2381 180 499 179
1994-1995 202 612 336 3318 72 2374 476 1728 222
1993-1994 98 466 316 3200 106 1382 321 913 186
1992-1993 198 733 545 1548 97 1305 218 304 135
TREND 1992-1997 139,6 484 426,8 2402,4 69,8 2018,4 300,6 822,8 203,2

TREND 1992-2017 9,40% -47,90% 33% -57,20% 30,50% -16,20% -64,30% -76,70% -34%
Priority 3 4 1 3 2 6 2 1 5

Decline Muskrat Otter Beaver Caribou Red fox Marten
-76,70% -64,30% -57,20% -47,90% -34% -16,20%

Increase Moose Lynx Black bear
33% 30,50% 9,40%

http://www.creegeoportal.ca/cta/
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Recommendations with respect to climate change for the mining sector in Quebec (Bussière et al. 2017) 
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Maps showing zones where sustainable development of forestry is not possible considering the 
sensitivity and sustainable development of the forests (MERN 2013) 
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Climate adaptation options for forestry management (Furgal & Prowse 2008) 
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Existing adaptation strategies in three Cree communities (CTA 2011) 
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Draft of a climate change action plan for Mistissini (CTA 2011) 
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Draft of a climate change action plan for Whapmagoostui (CTA 2011) 
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Draft of a climate change action plan for Waskaganish (CTA 2011) 
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Tel : 514-282-6464 
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Ouranos was born from the shared vision of the Government of Quebec, Hydro-Québec and Environment Canada, 
with financial support of Valorisation-Recherche Québec in 2001. Incorporating a network of some 450 scientists 
and professionals from various disciplines, the consortium focuses on two main themes: climate science and 
vulnerabilities, impacts and adaptation. Its mission is the acquisition and the development of knowledge on 
climate change and its impacts, as well as socio-economic and environmental vulnerabilities, in order to inform 
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	SUMMARY
	This report reviews the current state of climate change and adaptation research for the Cree Nation territory (2007 – 2017). Based on a substantial array of evidence, climate change worldwide is occurring faster in subarctic and arctic bioclimatic regions, and is already affecting a broad range of human and natural systems. Largely caused by human activities, it poses significant risks for indigenous populations living in higher latitudes. 
	With anthropogenic greenhouse gas (GHG) emissions at a record high, global average temperature has warmed by 0.85°C since the end of the 19th century. These changes are modifying other key parameters, such as sea ice extent and duration, precipitation patterns, river discharge, and the frequency and intensity of extreme weather events. Due to their close ties with the land, indigenous peoples are particularly vulnerable to climate change because it modifies land access, occupation and use, thereby exacerbating the effects of other stressors such as industrial development and socio-economic constraints. Although much progress has been made in terms of climate change research in Quebec, past studies have either focussed on southern Quebec or Nunavik leaving subarctic Quebec seriously data-deficient in terms of instrumental records or long-term scientific observations. However, available studies and an abundance of local observations by the Cree show rapid changes of the environment and climate conditions.
	Ouranos was mandated by the James Bay Advisory Committee on the Environment (JBACE) to review the scientific and gray literature, and interview several key stakeholders in order to better identify climate impacts and adaptation initiatives in Eeyou Istchee James Bay, situated in subarctic Quebec. The report has three main objectives:
	1) Summing up climate change information for Eeyou Istchee James Bay and identifying knowledge gaps;
	2) Indicating potential research needs and recommendations; and
	3) Supporting multi-level governance in decision-making processes on climate change adaptation.
	Annual mean air temperature in the region has warmed by 1.5°C in the last 35 years with a sharp winter warming of 2-3°C. Different models project an increase in rainfall while snow cover will decrease thawing earlier. The Cree have noticed an increase in the frequency of lightning storms and flooding, weather has become less predictable and seasons are shifting. In James Bay, sea surface temperature is rising, sea ice is retreating rapidly, and climate models project a higher river discharge in James Bay potentially modifying water properties and dynamics in the Bay. These physical changes lead to impacts on the natural and built environment, and entail a plethora of socio-economic and cultural repercussions. At the ecosystem level, local observers and scientific research report more southern species on the territory, the modification of phenological cycles, an increase in natural disturbances such as pests and invasive species and more frequent forest fires, as well as changes in the quality and availability of wildlife and plants used in traditional food systems. From a health perspective, changes in land access, accidents on the ice due to hazardous ice conditions, alteration of subsistence activities, traditional knowledge transfer, as well as the increase in diseases like diabetes and obesity, linked to changes in diet and food security, represent significant health risks and threaten Cree culture, identity and well-being. In terms of infrastructure and industry, more frequently observed climate hazards can challenge current asset design, construction, operation and maintenance leading to additional risks and costs for communities. The tourism sector, especially the cultural economy and outdoor tourism, is also vulnerable to climate change. While the majority of climate change-induced effects in Eeyou Istchee James Bay appear to be negative, climate change may also be beneficial for some sectors if activities are adapted proactively. 
	So far, adaptation to climate change in Eeyou Istchee James Bay has been mainly characterized by reactive, individual strategies, such as for adapting subsistence practices, or integrating climate change on a voluntary basis in economic development projects. Efforts are necessary to mainstream adaptation, integrate climate change into other strategic documents, raise awareness and recognition, and then start implementing adaptation measures for the benefit of Cree society in a flexible approach that can be adjusted over time.
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	INTRODUCTION
	Eeyou Istchee James Bay has been occupied by the Cree for almost 5000 years (Feit 1995) and encompasses a huge territory (450,000 km2), two-thirds the size of France or almost the size of Sweden making it the one of the biggest municipality in the world. Far from being an unoccupied swath of land (see Appendix 1), the Cree use the whole of this territory for hunting, fishing, trapping and other cultural activities. The special relationship with the land, which goes beyond subsistence activities, is central to the Cree identity (Adelson 1998; JBNQA 1975), and knowledge and practices, transferred from one generation to the next, have adapted to environmental changes over time (Ohmagari & Berkes 1997; Sayles & Mulrennan 2010; Lemelin et al. 2010). 
	Over the last 50 years, the Cree have witnessed many rapid and complex changes to the environment due to large-scale natural resource exploitation, such as forestry, mining and hydroelectric development affecting Cree traditional lands. Rapid climate change has the potential to exacerbate the effects of major development projects and socio-economic constraints, and now stands as an additional challenge to the Cree way of life and to the maintenance of Cree identity (Ouranos 2015). For example, more frequent or intense extreme weather events or unpredictable seasonal changes modify subsistence harvesting, erode cultural continuity, endanger infrastructure assets and represent health and security risks. Yet, changes associated with the climate are difficult to predict both in terms of scope and trend. Adaptation to a changing environment was, and will remain, a key to Cree survival. Scientific data is an important source, but observations from the Cree hunters and trappers, their families and Cree authorities are also crucial when seeking to make decisions on how to adapt to such changes. Climate impacts, vulnerabilities and adaptation also need to be considered in the context of existing socio-economic changes and trends in Cree society, such as an increasingly sedentary lifestyle and shift towards a wage-based economy. 
	The James Bay Advisory Committee on the Environment (JBACE), as per its policy role under the James Bay and Northern Quebec Agreement (JBNQA), commissioned a first report in 2007 on the state of knowledge of climate change in Eeyou Istchee James Bay. Afterwards the committee collaborated on a project, spearheaded by the Cree Trappers’ Association (CTA), designed to document and localise patterns of land use that may have been impacted by climate change. Ten years after the release of the first report, the JBACE mandated Ouranos to draw an updated picture of the situation, and develop a better grasp of the role that environmental assessment plays in that regard. This report explores socio-economic and cultural implications of climate-driven change in addition to the environmental dimension, thereby largely exceeding the scope of the first report and allowing for a better understanding of the socio-cultural context of the region. It presents the current state of climate change and adaptation knowledge in Eeyou Istchee James Bay (2007-2017) in order to:
	1) Sum up climate change information for Eeyou Istchee James Bay and identify knowledge gaps;
	2) Indicate potential research needs and recommendations;
	3) Support multi-level governance in decision-making processes on climate change adaptation.
	Chapter 1 starts with Cree society by presenting socio-cultural repercussions of climate change on Cree culture and identity, physical and mental health, as well as livelihoods and food security, while also highlighting some adaptation strategies for subsistence harvesting and traditional food systems. 
	Chapter 2 provides an overview of changes in the climate system in Eeyou Istchee James Bay discussing temperature, precipitation, seasons and weather patterns, ice regimes, as well as changing water levels and properties. It considers past conditions (stemming from scientific measurements and traditional knowledge) and future climate projections for the mid-21st century.
	Chapter 3 outlines climate change impacts on the region’s ecosystems, both aquatic (marine, coastal and estuaries, freshwater, wetlands) and terrestrial (forests), highlighting implications for wildlife and vegetation dynamics, such as phenological changes, northward migration and variation in productivity and disturbance regimes, which require a rethinking of current conservation practices.
	Chapter 4 describes climate change impacts on built infrastructure and industrial / economic development (mining, forestry, renewable energy, and tourism), and presents some adaptation initiatives for each sector.
	Chapter 5 discusses adaptation readiness and capacity in Eeyou Istchee James Bay summing up existing adaptation strategies and challenges, and highlighting examples from other Northern Indigenous communities that could be applied in Eeyou Istchee James Bay. 
	Bullet points are used to indicate changes specific to Eeyou Istchee James Bay enabling the reader to quickly find information pertaining to the region. The text in bold highlights the most important elements including local, interregional and global information. The following coding can help readers searching for specific information.
	/
	Knowledge systems for understanding and engaging in climate change and adaptation science
	The contents of this report are based on both scientific studies and traditional (Indigenous) knowledge as complimentary sources of information. Indigenous knowledge can provide a long-term perspective and make up for the absence of written archives or historical instrumental records (Peloquin & Berkes 2009; Alexander et al. 2011; Asselin 2015). Moreover, it is often much more detailed, and less reductionist than scientific research which tends to focus on a few selected parameters (Peloquin & Berkes 2009). The use of indigenous knowledge often proves less costly and less time-consuming (Asselin 2015). Local observations consider the cultural context of the land, and make it possible to incorporate a more moral and spiritual rather than only rational perspective (Asselin 2014). In combination with scientific studies, which are crucial to establish baseline information and allow to compare the current situation to the past and to forecast future changes, indigenous knowledge and local observations of environmental changes are valuable sources to obtain a more multi-dimensional and holistic picture of ongoing changes, expand knowledge at a local scale, and fill knowledge gaps (Alexander et al. 2011; Peloquin & Berkes 2009). Downing & Cuerrier (2011) suggest combining science and traditional knowledge for inclusive, positive actions.
	Research limitations
	The issue of climate change is very complex and dynamic. Its potential environmental, social, cultural and economic impacts – as well as any potential measures to adapt thereto – can be equally complex to be predicted and to be characterized. The sparse network of weather stations in Eeyou Istchee James Bay, important localized factors such as major hydroelectric development, and multi-decadal climate variability related to large-scale oscillations contribute to the difficulty of accurately describing the past evolution of the climate and to project future climate conditions. Long-term observations and contemporary modelling permit the establishment of causal links and trends of change with appreciable degrees of confidence. However, given that available research on these matters in Eeyou Istchee James Bay is a relatively recent and burgeoning field, it is crucial that readers exercise prudence when attempting to extrapolate local or regional point-source or site-specific observations from generalized climate change trends and vice versa.
	CONTEXT
	Anthropogenic greenhouse gas emissions (GHG) have reached a record high in the last decades, and are driving changes in the global climate system unprecedented over decades to millennia (IPCC 2014). As a consequence, the last 30 years were the hottest period over the past 1400 years in the Northern Hemisphere, and globally averaged temperature (land and ocean surface) has increased by 0.85°C from 1880 to 2012 (ibid.). Arctic and Subarctic regions in Canada are experiencing even faster changes (ibid.; Ouranos 2015; Macdonald & Kuzyk 2011). In Eeyou Istchee James Bay, annual mean air temperature has increased by 1.5°C over the last 30 years (in winter by 2-3°C), and the region will likely experience some of the highest winter warming in Canada by 2050 due to the projected loss of sea ice (R. Brown, pers. comm.; Way et al. 2017; Ouranos 2015; Steiner et al. 2013; Vincent et al. 2015). 
	Northern indigenous peoples have stated that environmental change clearly affects their relationship with the land, their culture, livelihoods, mental health, well-being and spirituality (e.g. Berry et al. 2014; Foro et al. 2013; Brisson & Bouchard-Bastien 2014; Clayton et al. 2017; CTA 2011). This is why the direct and indirect effects of climate change on the Cree way of life are at the heart of this report; Chapter 1 will portray climate change impacts on Cree culture, identity and traditional activities (Chapter 1.1), Cree physical, mental and spiritual health (Chapter 1.2), land access (Chapter 1.3) and subsistence harvesting (Chapter 1.4). 
	Indeed, global warming affects precipitation patterns and snow cover, modifies weather patterns such as by increasing the frequency and intensity of extreme weather events, leads to a rapid decrease in sea ice extent, heats up sea surface temperature, and adds to modifying river discharge and water properties. Table 1 outlines past and future trends and local observations of these climate parameters in Eeyou Istchee James Bay, as obtained from the literature review presented in Chapter 2. These climate parameters are interconnected and affect aquatic and terrestrial ecosystems (Chapter 3), infrastructure (Chapter 4.1), and natural resources and economic development (Chapter 4.2) at varying degrees.
	Table 1: Past and projected changes of key climate parameters in Eeyou Istchee James Bay
	METHODOLOGY
	Most information was obtained from an exhaustive review of the scientific and grey literature. The following three databases were selected with input from a librarian: Web of Science, Scopus and Google Scholar. Google Scholar and additional research with google were employed to track publications in the grey literature, in addition to scientific articles, theses and reports. In order to close remaining knowledge gaps and to validate contents, several researchers from various Canadian universities, local stakeholders at the Cree Nation Government and other Cree organizations (e.g. COTA, CTA, CBHSSJB, CMEB, EMRWB, EMRPC, EIJBRG, etc.) in Eeyou Istchee James Bay, as well as Hydro Québec and some provincial ministries were contacted. This allowed obtaining additional information, often unpublished or unwritten, with respect to climate change and adaptation in their fields of expertise. However, due to time constraints and considering the limited scope of this report and its main objective to provide an updated state of knowledge on climate change and adaptation, not all the communities, researchers or organizations that may have produced reports or possess additional information could be contacted. 
	For the literature review, keywords were selected in English and French. To build search strings, keywords related to climate change, geographical location and different qualifiers for each chapter were combined (Appendix 2). The results were limited to up-to-date articles with publication dates ranging from 2007 to 2017. The documents were primarily selected based on the contents of their abstract and conclusion, and to a lesser extent based on the results and discussion sections. Additional articles were gathered via the “related contents” function on Scopus and Web of Science for shared references and cross references. For some authors, all publications were scanned based on personal recommendations by researchers or a high volume of citations. All in all, about 250 documents were selected, and then classified and stored in EndNote. This helped to determine which topics were covered well while at the same time identifying information gaps. After an in-depth study of these articles, additional information was acquired from the key stakeholders mentioned above.
	CHAPTER I – Sociocultural impacts of climate change on cree society
	1.1 Culture, identity and traditional activities
	1.2 Health: physical, mental and spiritual dimensions
	1.3 Land access
	1.4 Subsistence harvesting and food security

	“Our connection with the land, and the ability of the land to provide for the current generations and for the generations to come, will be central to our collective identity as Eeyouch/Eenouch. The land has been the foundation of who we are as a people, and that connection has guided us well in the course of our struggles and our achievements throughout our history” (Dr. Matthew Coon Come, Grand Chief 1987-2017, Annual Report 2015-2016)
	Socio-cultural function of place:
	This special relationship with the land goes beyond mere subsistence since traditional activities on the land have a high cultural importance, and are intrinsically linked to indigenous and Cree identity, way of life and emotional well-being. Indigenous people perceive the land as a source of freedom and identity, which has therapeutic effects and is crucial for their well-being (Cunsolo et al. 2011; Cunsolo et al. 2012): “We have this connection to the land that makes you feel good. It makes you, you”. For the Cree, the connection with the land is a means to ensure cultural continuity and knowledge transfer to younger generations, thereby preserving Cree identity and way of life (Cree Vision of Plan Nord 2011). However, the sedentarization and relocation of the Cree in the wake of major hydro-electric development have weakened their nomadic, self-sufficient culture of subsistence, shifting Cree society further towards a wage economy and increasing dependency on formal institutions (Royer and Herrmann 2011). 
	 Climate change could affect the complex relationship with the land by exacerbating the effects of major development projects and further putting pressure on Cree culture and lifestyle (Chapter 2).
	 Indeed, health professionals and local decision-makers in Eeyou Istchee James Bay are worried about the potential loss of Cree identity and lifestyle as a consequence of climate-related impacts (Foro et al. 2013). 
	The concept of solastalgia was created to describe “the pain or distress caused by the loss of, or inability to derive, solace connected to the negatively perceived state of one’s home environment” (Albrecht et al. 2007). An elder from Chisasibi asked: “If the land is not healthy, how can we be?” Indeed, a sense of place is crucial for good health (Cunsolo-Willox et al. 2012; Albrecht et al. 2007; Hess et al. 2008). Place attachment is multidimensional, and Scannell & Gifford (2010) developed the person-process-place framework to highlight the different facets of place attachment (see Appendix 3). Climate change negatively affects place attachment by disrupting place-specific socio-cultural activities and connections with a specific place leading to negative impacts on emotional health and well-being (Cunsolo-Willox et al. 2012; Albrecht et al. 2007; Cuerrier et al. 2015). Firstly, modifications of land access and subsistence activities endanger the function of the land as a provider of personal and cultural fulfillment, a source of renewal, healing, harmony, relaxation (Cunsolo-Willox 2012; Lemelin et al. 2010). Secondly, the land’s function of enriching the soul and thereby providing emotional wellness and wholeness to indigenous peoples is endangered because environmental changes and fewer opportunities to spend time on the land create feelings of anger, sadness, depression and uncertainty about the future (Cunsolo-Willox et al. 2011). 
	Traditional knowledge/activities and cultural continuity:
	Traditional knowledge is not just a knowledge base but also a way of life and integral factor shaping the Cree mindset (Royer 2012). Elders from many indigenous groups are of the opinion that climate change has made the use of traditional knowledge less reliable (Mc Lean 2009). Fewer activities on the land can lead to a sense of acculturation and cultural erosion (Pétrin-Desrosiers 2014; Cree Vision of Plan Nord 2011) since identity and cultural values are closely linked to subsistence activities (Royer et al. 2013). Climate-related modifications of the land (e.g. inability to predict weather, shifting of seasons or animal migration, etc.) can lead to a loss of confidence in traditional knowledge and expertise of the territory, which can affect cultural and emotional well-being and spiritual health (Foro et al. 2013; Downing & Cuerrier 2011; Pétrin-Desrosiers 2014). For example, the Cree have mentioned that they lost trust in their bush skills (Syvänen, 2011). Reduced access to the land may decrease traditional activities and induce a loss of traditional knowledge negatively affecting well-being (depression, stress) and cultural integrity (Pétrin-Desrosiers 2014). Spending less time on the land also affects the transmission of native languages, which is crucial for cultural identity (Downing & Cuerrier 2011). Finally, reduced knowledge and land skills transfer contribute to raising the rate of accidental injuries associated with activities on the land (Ford et al. 2016).
	For the Cree, health is based on the relationship with nature and interpersonal relationships. The Cree concept for health miyupimaatisiiun translates into “being alive well” and recognizes the interconnectivity of all elements of the universe (Adelson 2000). This is why health of the communities, health of the environment and individual health are closely intertwined (Figure 1), and, preserving the environment and maintaining a good social cohesion go hand in hand with individual health (Brisson & Bouchard-Bastien 2014). The Cree view of health incorporates physical, emotional and spiritual dimensions and goes beyond health signifying the absence of illness (Foro et al. 2013; Lemelin et al. 2010). 
	 “Being alive and well” is part of the Cree identity and it is closely linked to the health of the land, the food it provides and the rights of access to the land (Council of Canadian Academies 2014). 
	Northern indigenous peoples have stated that environmental change clearly affects their relationship with the land, their culture, livelihoods, mental health and well-being (Berry et al. 2014; Foro et al. 2013; Clayton et al. 2017; Council of Canadian Academies 2014). Figure 1 sums up how geophysical/climate impacts, such as changes in temperature, precipitation or extreme events, can lead to vulnerabilities on the individual, social and physical levels, and affect physical, mental and community health.
	/
	Figure 1: Climate change impacts on health. © Clayton et al. 2017
	Physical health:
	Climate-related effects on health are multifactorial and highly complex. Research on climate-related implications on health is quite recent (Ford 2012). According to Ford (2012), high poverty, a high sensitivity to climate-driven health risks, limited technological capacity and a high burden of ill health make populations more vulnerable to climate-related health impacts. However, it is sometimes difficult to differentiate between impacts from climate change and those from hydroelectricity, mining and forestry development projects (Pétrin-Desrosiers 2014). Indigenous peoples are particularly vulnerable to climate change given that many live in regions affected by rapid environmental change, and their close connection with and dependence on the land for traditional activities (Ford 2012; Chapters 1.1 & 1.4). 
	 Research has demonstrated that climate change is an additional stressor that can influence health in Eeyou Istchee James Bay (Pétrin-Desrosiers 2014). 
	 In a consultation with health professionals in Eeyou Istchee James Bay, the transportation risks associated with off-road vehicles and seasonal ice conditions, the inconvenience of sudden weather changes, and the changing availability and distribution of some species were the most widely mentioned effects of climate change (Foro et al. 2013). Therefore, health professionals consider accidents on the ice (Chapter 1.3) and diseases like diabetes and obesity, linked to changes in diet and food security (Chapter 1.4), the most worrisome risks for the health sector (ibid.; Anctil 2008). 
	Table 2 summarizes potential direct climate-related health impacts in Eeyou Istchee James Bay.
	Table 2: Climate hazards and their potential impacts on health in Eeyou Istchee James Bay 
	Mental and spiritual health and well-being:
	In addition to these more direct effects, climate change leads to less tangible and indirect impacts on mental health and socio-cultural well-being (see Figure 1). Common effects on Aboriginal peoples include depression, sadness, fear, anxiety, frustration, anger, helplessness, distress, despair, loss, grief, hopelessness, aggression, apathy, denial and trauma (Cunsolo-Willox et al. 2013). In the future, climate change will probably produce more acute, slow or chronic mental health impacts (ibid.; Berry et al. 2010a). For example, impacts from a climate hazard (personal injury, injury or death of a loved one, damage to or loss of property, loss of a livelihood) can cause severe psychological trauma and anxiety-related responses (Clayton et al. 2017; Berry et al. 2010a). Furthermore, losing access to traditional food sources or culturally meaningful places and practices can provoke emotional distress, anxiety, sadness, insecurity, loss of self-efficacy and amplification of existing stressors (Clayton et al. 2017; Dudley et al. 2015; Berry et al. 2010a; Ford 2012). Studies have even shown that higher temperatures increase the use of emergency health services in Canada as well as the levels of suicide for psychologically fragile people (Clayton et al. 2017). However, it has been argued by some researchers that climate change could also produce positive side effects such as the strengthening of social support networks and the creation of community-led projects to tackle climate change together (Cunsolo-Willox et al. 2013; Berry et al. 2010b; Hart et al. 2011). Studies in Eeyou Istchee have not yet directly investigated the complex relationship between climate change and mental health and well-being, but it seems likely that the effects described above apply to the Cree as well.
	Access to the land is necessary for harvesting bush food and practising other traditional activities (Chapter 1.1), which contribute to physical, mental, spiritual and community well-being (Chapter 1.2). Moreover, engaging in activities on the land is also a means to keep physically active (Brisson & Bouchard-Bastien 2014; Turner and Turner 2008). Climate change compromises land access and endangers civil security in Eeyou Istchee James Bay. For example, modified and hazardous ice conditions have already led to fatalities when people fell through the ice, including experienced hunters (CTA 2011; Pétrin-Desrosiers 2014). Some Cree communities have already modified their public safety programs accordingly (Waskaganish, pers. comm.).
	 Unsafe ice conditions require adjustments as to how the land can be accessed, and have forced the Cree to use alternative means of transportation, travel routes and technology.
	Trying to go around unsafe spots by snowmobile can lead to a higher consumption of gasoline (higher costs) and people can get stranded (Downing & Cuerrier 2011). The use of helicopters and planes to escape unsafe ice conditions has created important economic expenditures for some Cree communities (CTA 2011; FNQLSDI 2017), and prevents people who do not have the financial means from going out on the land. Cree hunters have also noticed that softer snow makes travelling difficult and more time-consuming, e.g. snowmobiles sink in the snow, and people cannot walk with snowshoes on the hard snow in early spring (CTA 2011). Finally, modified snow and ice conditions change the calendar of activities and traditional harvesting cycle (Appendix 4 & Chapter 2.2), i.e. the time and place where hunting activities can take place and some areas will be exposed to a higher density of hunters and higher pressure on wildlife. To a lesser degree, other climate hazards can also affect land access such as forest fires or flooding cutting off road access thereby trapping people in the community or on their family grounds (Mistissini, pers. comm.).
	The Council of Canadian Academies (CCA) released its findings in the 2014 report Aboriginal Food Security in Northern Canada: An Assessment of the State of Knowledge, concluding that “there is a food security crisis in northern Canada,” and that the crisis is particularly acute in some Aboriginal communities. The societal shift from a nomadic, hunting culture to a more sedentary way of life has led to nutritional changes with a sharp decrease in bush food and an increase in processed foods in Eeyou Istchee James Bay (Royer and Herrmann 2011). People change their diet over time, but rapid changes over a very short timeframe can lead to serious consequences for people’s health (Turner & Turner 2008). The impacts of losing the food itself is overshadowed by the even greater effects of the loss of the knowledge related to its harvest, preparation and use, as this impairs cultural identity and pride (ibid.). The less indigenous peoples make use of traditional foods and the more they rely on wage-paying jobs, the higher the loss of traditional knowledge/erosion of skills and the greater the dependency on store bought foods for food security (CCA 2014). These store-bought foods can be nutritionally limited, increase obesity and are often expensive, especially for the more isolated communities (Downing & Cuerrier 2011). The lack of traditional food also affects mental and spiritual health (Tam et al. 2013; Chapter 1.2). 
	 Traditional foods contain many important nutrients, but an extensive health study in Eeyou Istchee James Bay has shown that they are consumed less and less and being replaced with unhealthy high-fat and high-sugar foods (Nieboer et al. 2009). 
	 For the Cree, climate-driven impacts on traditional food sources have far-reaching effects on the socio-economic and health levels since they represent a substantial part of their diet. 
	Changes in animal distribution, health and behaviour (Chapters 3.1.2 & 3.2.2) due to climate change and other stressors such as habitat degradation and fragmentation modify access to and quality of traditional foodstuffs for hunters and affect this source of income for beneficiaries of the Cree Hunters and Trappers Income Security Program. 
	 The quality and availability of traditional food sources in Eeyou Istchee James Bay has decreased over the last years, which can be partially attributed to climate change. The reduced quantity of game affects whole communities since meat is often shared (Tam et al. 2013; Chapter 3.2.2).
	 Instead of going out on the land in October, hunters and trappers now leave more often in November due to unstable ice and bad weather conditions, which may explain the lower harvest of certain species, e.g. beaver or muskrat (CTA, pers. comm.).
	 A recent deterioration of the health and body conditions of wildlife observed by Cree hunters includes less fat, more parasites and diseases, thinner fur and a different taste of the meat (CTA 2011; Pétrin-Desrosiers 2014; Tam et al. 2013; Chapter 3.2.2). Besides, hunting can take up more time to harvest the same amount of food and more animals need to be killed (Downing & Cuerrier 2011). On a positive note, thinner moose hides are appreciated by Cree hunters as they need to be treated less (CTA 2011). 
	 There seems to be a decline in the amount of berries, and some varieties dry out more due to warmer temperatures (CTA 2011; Tam et al. 2013; Downing & Cuerrier 2011). 
	 Some medicinal plants (e.g. Labrador tea) seem to be negatively affected by more extreme weather events or higher temperatures (Cavaliere 2009; Rapinski et al. 2014). This could lead to a loss of certain healing practices (CTA 2011; Chapter 1.1).
	 Coastal communities have observed a decline in geese as they seem to change their flight paths and stay in the region for a shorter period of time, which could be due to changing climatic conditions, hydroelectric development (e.g. land-clearing for transmission lines), intensified hunting and other factors (Royer and Herrmann 2011; Peloquin and Berkes 2010; Chapter 3.1.3).
	Zoonoses can be passed on directly from animals to humans (Nieboer et al. 2013; Downing & Cuerrier 2011; Dudley et al. 2015) and are a public health concern (Sampasa-Kanyinga et al. 2013).
	 Large parts of the Cree population in Eeyou Istchee James Bay have been exposed to at least one zoonotic agent (Nieboer et al. 2009; Sampasa-Kanyinga et al. 2013; Campagna et al. 2011). However, there has been no declared human case since at least 2012 indicating that the infected had not reported nor seen a physician, nor had been accurately diagnosed (CBHSSJB, pers. comm.; Lévesque et al. 2007), Sampasa-Kanyinga et al. 2013; Campagna et al. 2011). 
	 It is recommended to create more awareness about the symptoms of some zoonotic diseases among people handling wildlife (as seropositivity is linked to hunting and trapping activities) to lower exposure to zoonotic diseases, while medical staff should consider zoonotic agents, especially for unusual cases (Lévesque et al. 2007; Campagna et al. 2011).
	Figure 2 presents some actions that could be used to adapt subsistence harvesting and traditional food consumption in Eeyou Istchee James Bay; some of these actions (1-4) are being used already.
	1. Changing the mode or time of travel 
	E.g. coastal to inland, return earlier, use another means of transportation, etc.
	2. Changing the composition of species harvested
	E.g. switching to another type of goose or harvesting new species.
	3. Modifying the timing or location of hunting activities
	E.g. CTA airlift service, avoid travel altogether or exchange on ice conditions by text message.
	4. Adopting new forms of technology
	E.g. cellular and satellite phones, radio announcements and official ice monitoring program to disseminate information (species movement, ice, etc.) or reactivation of the GeoPortal 
	5. Incorporating climate change into community planning and policies 
	E.g., in Wemindji, people proposed to create a coastal snowmobile road, and to adopt protected areas (Syvänen 2011).
	6. Promoting how to incorporate traditional food into modern dishes or how to serve traditional food in a contemporary manner to increase its consumption (Turner & Turner 2008)
	E.g., in Mistissini, traditional food consumption is high which may be due to the fact that this is highly encouraged by promotional programs of the Band Council, such as free traditional meals four times a week (Laberge Gaudin et al. 2014).
	7. Incorporating traditional food resources into school curriculums to engage youth (Turner & Turner 2008)
	E.g., in biology or language classes
	Figure 2: Climate change adaptation of subsistence harvesting in Eeyou Istchee James Bay
	T2 diabetes and traditional food:
	There are disproportionately high levels of abdominal obesity and diabetes in Eeyou Istchee James Bay leading to increased morbidity (Nieboer et al. 2013; Haddad et al. 2012). Ninety-one percent of all Eeyouch were considered obese based on waist circumference (Nieboer et al. 2013). Rapid lifestyle changes away from traditional food and transportation and abdominal obesity are considered potential factors for the high incidence of T2 diabetes in Eeyou Istchee James Bay (Haddad et al. 2012). Several exhaustive studies in Eeyou Istchee James Bay found that promoting and maintaining traditional food consumption (and medicinal plant use) improves the physical health and social and spiritual well-being of the Cree), and can thus help decrease obesity and diabetes rates (Laberge Gaudin et al. 2014; Proust et al. 2016; Dewailly et al. 2002; Uprety et al. 2012. Certain traditional medicinal plants of the Cree have been shown to carry very strong antidiabetic characteristics (e.g. certain parts of balsam fir) (Nachar et al. 2015; Haddad et al. 2012).
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	CHAPTER II – Impacts of global warming on the regional climate of Eeyou Istchee James Bay
	2.1 Temperature
	2.2 Seasons, weather patterns and extreme events
	2.3 Precipitation (rain and snow)
	2.4 Ice regimes (sea and lake ice)
	2.5 Water levels and properties

	Eeyou Istchee James Bay is highly influenced by its continental location in proximity to a large body of water (James / Hudson Bay) with seasonal ice and a high discharge of relatively warm fresh water. Furthermore, Arctic air masses can easily enter James Bay in winter due to the sea ice cover. This presence of ice and water leads to a cooling effect in spring and a warming effect in fall and early winter. The thermal contrasts between land, ice and water bodies influence atmospheric stability, and consequently, air temperature, precipitation, winds and fog. (Brown et al. 2014)
	The sparse observing network, a significant influence of local factors on the regional climate and the harsh Northern climate conditions make it difficult to describe the historic evolution of the climate and project potential climate change in Northern environments such as Eeyou Istchee James Bay (Rapaic et al. 2015; Steiner et al. 2013; Charron 2015). In Canada, there are also some data-related problems with respect to climate trends due to changes in terms of observation, instrumentation and relocation of weather stations (Vincent et al. 2015). 
	 Historic regional climate data in Eeyou Istchee James Bay is particularly limited due to the sparsity of weather stations of which only three have data spanning more than 20 years (Niemi et al. 2016; Royer 2013). These three stations are situated in proximity to Chapais, Whapmagoostui and la Grande Rivière. 
	Apart from these data-related problems, multi-decadal climate variability related to large-scale oscillations such as the North Atlantic Oscillation (NAO) may also mask or strengthen climate trends (Vincent et al. 2015), such as observed in Labrador (Wang and Viau 2014). Finally, hydroelectric development or other industrial activities may add to the modification of local climate conditions (Déry et al. 2016; Macdonald & Kuzyk 2011). For example, some models showed that the impoundment of the La Grande reservoir led to a localized cooling effect of air temperature in summer and a warming effect in the winter, comparable to the effects of lakes on local temperature (Irambona et al. 2016; Huziy & Sushama 2016).
	The following section describes in more detail the climate conditions that prevail in the Eeyou Istchee James Bay region discussing changes of several climate parameters. It highlights i) instrumentally measured past changes, especially since the mid-20th century, ii) projected changes for the mid-21st century (climate models), and iii) local observations by the Cree, mainly from hunters and trappers, tallymen, and officials of the CNG department of the Environment and Remedial Works. In the absence of specific local information, available information for Hudson Bay (HB) will be used.
	According to the IPCC (2014), the “warming of the climate system is unequivocal” with much warmer air and water temperatures, especially since the 1950s, which have not been observed for decades to millennia. In Eeyou Istchee James Bay, air temperature has constantly warmed since 1918 with a “significant warming trend” since 1992 (Steiner et al. 2013). Table 4 describes past and future changes of air temperature in Eeyou Istchee James Bay.
	The temperature series are characterized by important year-to-year variability linked to large scale oscillations in atmospheric circulation, such as the North Atlantic Oscillation and the Eastern Pacific-North Pacific pattern, which play a crucial role for the climate in Eastern Canada (Way et al. 2017; R. Brown, pers. comm.). Studies in Labrador underline that current climate models cannot reproduce variability of air temperature, and observations can differ from models (Way & Viau 2014). In this context, local observations become even more important to understand temperature changes.
	Table 3: Trends and observations of air temperature in Eeyou Istchee James Bay 
	 Higher rate of temperature increase than globally, especially during the colder months;
	 Warmer temperatures, more heat waves, and the sun seems stronger in the winter months;
	 Temperature increase between 1,5-3°C with an accelerated warming in the last 30 years, especially in fall and winter(see Appendix 6);
	 Rise of 3.6 °C (RCP 4.5) / 3.7°C (RCP 8.5) of annual mean T; increase by 5.5 -5.7°C in Dec-Jan-Feb, and 2.2-2.4°C in June-July-Aug;
	 12 of the 17 warmest summers in HB occurred between 1991 and 2009 with a warming trend of +0.1 to +0.3°C/decade since the 1930s;
	 Summers are longer and hotter.
	 More extremely warm periods and significant warming of minimum temperature of the coldest day.
	 Rising surface air temperature (SAT) over HB: 0.6-0.8°C/decade (autumn) and 0.32°C/decade (spring).
	Information retrieved from Brown et al. 2014; Hochheim et al. 2010; Ouranos 2015; Way et al. 2017; Estilow et al. 2015; Steiner et al. 2013; Steiner et al. 2015; Loder et al. 2015; CTA 2011; Royer 2016; Voyageur and McLean 2017, Larivière 2011; Royer et al. 2013; Diaconescu 2017; and Price et al. 2013.
	***The confidence level for temperature data is generally high, but there is uncertainty with respect to regional variability***
	Appendix 5 shows the most recent 30 year period (1987-2016) of monthly air temperature trends in Eeyou Istchee James Bay. The observed warming of mean annual air temperatures averaged over the region is ~1.5 C, but there is a strong north-south gradient as well as very different seasonal results. 
	 The North has warmed more than the South;
	 Winter temperatures have warmed about 2-3°C;
	 Summer has warmed much less (1- 1.5°C);
	 Spring (March-April) did not warm at all. 
	Seasonal changes driven by climate change, such as later freeze-up and earlier breakup, longer/hotter summers and shorter / milder winters have been observed frequently in Eeyou Istchee James Bay (FNQLSDI 2017; CTA 2011, Voyageur and McLean 2017; Syvänen 2011; Larivière 2011). These modifications impair the ability to foresee when and where to harvest (Voyageur and McLean 2017; Chapters 1.1 & 1.4). They thereby affect the traditional harvesting cycle of the Cree which is based on six seasons and the traditional activities associated with each season (see Appendix 4). In addition to modifying the seasons, climate change will affect weather patterns and increase the frequency and magnitude of extreme weather events (e.g. heavy precipitation, heat waves, flooding; storms) (IPCC 2014; compare Appendix 6). Table 3 describes past and future changes in weather patterns and phenomena as well as extreme meteorological events in Eeyou Istchee James Bay. 
	Table 4: Trends and observations of weather patterns in Eeyou Istchee James Bay
	 Higher frequency and intensity of extreme weather events;
	 Increase in the number of extreme weather events such as more lightning storms, and more frequent inland flooding;
	 Period with above-freezing air temperature is 23 days longer than in 1925 (Kuujjuarapik);
	 More torrential rains;
	 Slight change of mean wind speed ±5% (high uncertainty), no information on wind direction;
	 Stronger thunderstorms in some regions while weaker in others; 
	 Potentially high increase in daily wind gusts, especially in the summer (+50%  at Grande Rivière station) for the end of the 21st century;
	 More unpredictable weather and sudden weather changes;
	 Longer growing season;
	 Unpredictable navigation, such as on Mistissini Lake;
	 More freeze-thaw events in autumn and less in spring.
	 Higher wave and storm surge potential in HB due to the diminished sea ice in fall/early winter (risks of coastal erosion/flooding);
	 High inter- and intra-annual seasonal variability impeding weather forecasting;
	 Wind gusts increased with rising air temperature and lower pressure across Canada (1953-2009); 
	 15-20% increase in storm frequency and duration in HB (high uncertainty);
	 Change of the dominant wind direction and wind throws;
	 Impossible to project lightning, fog and freezing rain for Quebec (insufficient information and limited research and capacity of climate models).
	 The cold is more humid and goes under the skin;
	 Winters are 2 months longer.
	Information retrieved from Ouranos 2015; Charron 2015; Steiner et al. 2013; Brown et al. 2014; Savard 2016; Voyageur and McLean 2017; Syvänen 2011; FNQLSDI 2017; Royer 2016; Larivière 2011; Downing & Cuerrier 2011; CTA 2011; Cheng 2014; Cheng et al. 2014; and P. Grenier (pers. comm.).
	***The confidence level for weather patterns is low or undetermined for several weather phenomena***
	According to the last IPCC report (2014), high latitudes are likely to experience an increase in mean annual precipitation. Table 5 outlines past and future changes in precipitation Eeyou Istchee James Bay. Analysis of precipitation data from Kuujjuarapik Airport over 1957-2012 show no evidence of any trends in annual or seasonal total precipitation, but a significant decrease in the fraction of precipitation falling as snow in response to warming (i.e. more rain) (R. Brown, pers. comm.; Brown et al. 2014).
	The timing (snow-on and snow-off dates), amount and physical properties of snow cover have important impacts on a wide range of ecosystem services (Callaghan et al. 2011). The longest record of daily snow depth observations in the region are from Kuujjuarapik Airport which has more or less continuous observations since 1950. Table 6 outlines past and future changes in snow cover in Eeyou Istchee James Bay. While the data at Kuujjuarapik indicate that the duration of snow on the ground at this location has declined at a rate of 3 days/decade since 1950, and that current maximum depths are decreasing, analysis of snow survey data within the larger Eeyou Istchee James Bay territory (50-56N, 70-79W) shows large year-to-year variability. Similarly, analysis of spring snow cover duration showed only slight evidence (-1 day per decade over 1972-2016) of earlier snowmelt over the larger Eeyou Istchee James Bay region (Estilow et al. 2015). The different results at Kuujjuarapik may reflect the observing site where snow accumulates on an open surface that is not representative of the prevailing land cover of the region. Results from other climate simulations suggest the likelihood of differing snow cover trends across the region: decreasing in the North and increasing in the South (R. Brown, pers. comm.).
	Table 5: Trends and observations of precipitation in Eeyou Istchee James Bay 
	 Increase in total precipitation in Central Quebec for all seasons: 6-17% depending on the scenario; 
	 More rainfall, more drizzle;
	 Increase in mean annual total rain and seasonal rainfall (winter / autumn) at Chapais & Kuujjuarapik.
	 Local variability with some communities even reporting drier conditions;
	 Decrease of summer rainfall in the coastal regions of James Bay. 
	 More heavy rainfall (shorter duration) leading to peak levels in waterbodies and flooding.
	 Significant decline of total precipitation falling as snow at Kuujjuarapik.
	 More frequent extreme precipitation;
	 Increase by 0.03 mm/day per decade (1961-2005) in HB.
	Information retrieved from Steiner et al. 2013; Chassé et al. 2013; Ouranos 2015; IPCC 2014; Royer et al. 2013; Price et al. 2013; Voyageur and McLean 2017; Vincent et al. 2015; Brown et al. 2014; and CTA 2011.
	***The confidence level for precipitation data is low due to data limitation***
	Table 6: Trends and observations of snow cover and depth in Eeyou Istchee James Bay
	 Reduction of snow cover by 25-45 days in Central Quebec;
	 Later snowfall;
	 Significant decrease of snow fall in Kuujjurapik where snow season is about 50 days shorter (compared to 1960-1970);
	 Less snow (layers) has prevented hunters from making their blinds;
	 Later snow fall;
	 Maximum snow depths occurs one month earlier in Kuujjurapik in response to earlier melt (but higher variability after 1990s);
	 Earlier thawing;
	 Snow quality has changed and the snow is now softer: difficult travelling conditions; slushy in spring;
	 About 20 cm less snow in the lowlands of Central Quebec and snow depth maximum in March.
	 Annual maximum snow depth decreased by approx. 40 cm (1960-1990) but increased recently.
	 Less but stronger snowstorms;
	 Decrease of snow cover duration in Southern James Bay and earlier snow melt.
	 Snow melts faster in spring.
	Information retrieved from Brown et al. 2014; Ouranos 2015; Gough and Leung 2002; Royer 2016; Syvänen 2011; Vincent et al. 2015; CTA 2011; and R. Brown, pers. comm.
	***The confidence level for snow data is low due to a regional variability of vegetation cover, a lack of regional snow cover observations and the difficulty of mapping snow cover with visible satellites***
	Sea ice decrease in extent and thickness (Appendix 7) and the positive feedback between temperature and ice reduction is considered one of the main reasons contributing to the Arctic warming much faster than other regions (Parkinson 2014). The minimum Arctic sea ice extent at the end of the summer 2016 was the second lowest in the satellite record since 1979, and Hudson Bay sea ice cover reduction is one of the highest in the circumpolar Arctic (Richter-Menge et al. 2016; Tivy et al. 2011). Studies in the Hudson Bay system have shown that for every 1°C increase in surface air temperature (SAT) sea ice extent decreases by 14% of basin area, and an increase in 1°C in SAT delays freeze-up by 0.7 weeks since it is closely linked to fall SATs (Hochheim & Barber 2014). In James Bay, freeze-up usually occurs after mid-November (between early November and early December) and ice melt starts in late April with most of the Bay being open water by mid-July (ECCC 2017). Table 7 describes past and future changes of sea ice and inland ice. 
	Table 7: Trends and observations of ice regimes in Eeyou Istchee James Bay 
	 50% loss of ice thickness in JB and great changes in heat content (Appendix 7);
	 Less and thinner ice on the Bay;
	 Shortening of sea ice season in Eastern James Bay by approx. 10 days/decade (1979 -2013), locally even 30 days (close to Chisasibi and Waskaganish) (Appendix 8);
	 Less or thinner ice on rivers and lakes; more water pockets and absence of ice shards;
	 Ice-free period in HB will be 2 months longer;
	 No more blue ice / more white ice and very thin layers of ice on lakes and rivers as too much snow covers the ice preventing it from freezing;
	 Decrease of sea ice extent in Eastern HB by -11.5 ±6.8%/ decade (1968-2008) and acceleration of sea ice extent decline in HB (1979-2010);
	 Freeze-up will occur 25-30 days later while breakup will arrive 22-25 days earlier for HB in comparison to 1961-1990.
	 Freeze-up is 1.6 weeks later and breakup is 1.5 weeks earlier in HB (1980-1995 vs. 1996-2010, trend acceleration);
	 Earlier melting and later freeze-up of inland ice shortens safe hunting period as lakes are still slushy and covered with holes.
	 Accelerated warming of SAT and decrease of sea ice extent in autumn versus spring in HB (since 1989).
	Information retrieved from Steiner et al. 2013; Tivy et al. 2011; Cavalieri & Parkinson 2012; Kowal et al. 2017; Hochheim & Barber 2014; Hochheim & Barber 2010; Joly et al. 2011; Brown et al. 2014; Parkinson 2014; Ouranos 2015; FNQLSDI 2017; Syvänen 2011;Voyageur and McLean 2017; Macdonald &  Kuzyk 2011; Royer et al. 2013; and Latifovic & Pouliot 2007.
	***The confidence level for sea ice is generally high***
	The subarctic region also accounts for a high density of lakes making them an important component of the cryosphere (Brown & Duguay 2010). These lakes have hardly been studied (Keller et al. 2014; CNG, pers. comm.) as studies focused more on sea ice. The formation of lake ice is affected by snow accumulation, wind velocity and air temperature, all of which can be altered by climate change (Brown & Duguay 2010; Latifovic & Pouliot 2007; Bélanger et al. 2013). RADARSAT images are a potential source of information to study ice phenology (Duguay et al. 2002). So far, only one study has been conducted in central Eeyou Istchee James Bay (Lake Nitchequon), which showed later freeze-up and earlier breakup dates (Brown & Duguay 2010). A study by Bélanger et al. (2013) projected significant changes in terms of stratification and shifts in mixing due to warmer summer temperature and later freeze-up until the end of the century. Hydrological research would provide further understanding of climate change on seasonal ice mechanism and dynamics.
	James Bay receives 47% of the total freshwater input in Hudson Bay (Kuzyk 2014). Freshwater input, ice cover and surface heat flux all influence the distribution of water temperature and salinity levels in James Bay/Hudson Bay (Steiner et al. 2013; Kuzyk et al. 2008). Sea surface temperature (SST) in Hudson Bay has warmed at 6 times the global trend and at almost twice the rate of polar warming (Brand et al. 2014; Galbraith & Larouche 2011). This accelerated warming of SST correlates with the decrease of sea ice, in particular earlier breakup, and associated with this polar amplification. 
	No quantitative salinity trend analysis has been carried out in Hudson Bay, but altered freshwater dynamics such as higher water levels or different pathways, e.g. due to climate change, could change deep water formation and freshwater dynamics (Steiner et al. 2013; Granskog et al. 2011). Higher river discharge can also increase the ablation of sea ice in estuaries, is an important source of contaminants, and affects primary production positively by adding nutrients (Kuzyk et al. 2008; Hare et al. 2008; Kuzyk et al. 2010). A 20-year upward trend in river discharge has been projected by climate models, but it needs to be verified through monitoring if it is due to the variability of large-scale oscillation patterns such as changes in the Arctic Oscillation or global warming (Déry et al. 2011). Moreover, major flow modifications and diversion of nine rivers in James Bay for hydropower generation, such as the construction of the La Grande complex and diversion of the Caniapiscau und Rupert rivers that have flooded more than 10,000 km2, have likely been modifying near shore oceanography significantly and impacting annual river discharge such as by diverging inflows from summer to winter (Macdonald & Kuzyk 2011). All of these challenges need to be taken into consideration when assessing changes in water levels and flows (Déry et al. 2016; Macdonald & Kuzyk 2011).
	Table 8 describes past and future water levels and properties in Hudson and James Bay in the context of climate change. No local observations have been recorded concerning sea surface temperature and changes of river discharge in relation to climate change.
	Table 8: Trends and observations of water levels and properties in Eeyou Istchee James Bay
	 SST increase in HB by 1-1.5°C, depending on the model: 0.22±0.08°C/decade;
	 SST warming trend in JB: +0.25-0.5°C/decade from 1985-2013 (high in comparison with global trends 0.11°C/decade);
	 Decrease of pH in HB by 0.06 to 0.22 units;
	 2-15% increase in river discharge, possibly due to more precipitations, quick winter thaw, earlier spring snowmelt; 
	 Accelerated SST warming trend since 1965 and increase by 3.7°C in HB (1920-2011);
	 Earlier onset of maximum river discharge between -10.3 and -12.6 days/century;
	 Increase in maximum summer SST by 0,7 to 1,3°C in HB (1985-2011);
	 Greatest increase in discharge in the Eastern and Northern portion of HB;
	 Increase in river discharge since early 1990s with record annual discharge in 2005 (may be sign of intensification of hydrological cycle).
	 Faster increase in river discharge in the future.
	Information retrieved from Larouche & Galbraith 2016; Brand et al. 2014; Niemi et al. 2016; Steiner et al. 2013; Déry et al. 2016; Macdonald & Kuzyk 2011; Stadnyk et al. 2017-unpublished data; Orlova et al. 2014; IPCC 2014; Déry et al. 2011; Déry et al. 2009; Ouranos 2015 and Chassé et al. 2013.
	***The confidence level depends on the parameter, high for SST, medium for discharge***
	Sea level rise in response to climate change has been observed around the globe. However, James Bay and most parts of the Canadian Arctic are experiencing isostatic rebound which implies an emergence of land masses suppressed from heavy ice sheets during the last glacial period (Appendix 9). Isostatic rebound in some parts of the Hudson Bay coast is among the highest in the world (Keller et al. 2014), and results in an uplift of 10mm/year in Hudson Bay, exceeding global sea level rise (Tarasov & Peltier 2004). This process will likely continue for at least the next 1000 years (Tsuji et al. 2009). For example, relative sea level has dropped by almost 0.5m since 1979 in the region around Grande Rivière (Savard 2016).
	/
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	Over the course of the past 50 years, ecosystems have been degraded by human influence “more rapidly and extensively than in any comparable period of time in human history” (Millenium Ecosystem Assessment 2005: 1; Costanza et al. 2017). When ecosystem services are degraded, the whole ecosystem may become less resilient. The changes in the physical components of the regional climate system (Chapter 2) impact aquatic and terrestrial ecosystems at different geographical and time scales. Climate change will affect all levels of biodiversity from organisms to biomes (Rinawati et al. 2013; Bellard et al. 2012). For example, it can alter genetic diversity, affect species distribution and life cycles, change trophic interactions at the community level, and disrupt the ecological integrity of whole biomes (ibid.). Climate change is a cumulative stressor; it affects ecosystems in multiple ways, and can interact with or modulate other stressors such as industry, harvest, human population growth and contaminants (Wrona et al. 2006; Niemi et al. 2016; Woodward and Perkins 2015). Rapid climate change could overwhelm the resilience of ecosystems and consequently, lead to degradation, temporary or permanent loss of various ecosystem services.
	According to experts, climate change could surpass habitat destruction becoming the most important factor of biodiversity loss in the upcoming decades (Bellard et al. 2012). However, some regions may actually become richer in terms of species numbers in a warmer climate, such as subarctic Quebec (Berteaux et al. 2014). However, it remains very difficult to predict future biodiversity as it cannot only be measured in terms of species richness. Other biodiversity indices such as genetic diversity, ecosystem diversity, habitat quality or trophic interactions also need to be considered, as well as alien species that could negatively affect overall biodiversity in Quebec even if species richness increases (R. Siron, pers. comm.). As studies suggest, it remains rather uncertain which species will be able to adapt quickly enough to rapid anthropogenic climate change, but the CC-Bio project in Quebec showed that species with a high genetic variability and short generation time are more likely to adapt (Berteaux et al. 2004; Gilg et al. 2012; Berteaux et al. 2010).
	Poloczanska et al. (2013) analyzed more than 200 studies on climate change impacts on marine ecosystems and found widespread evidence from around the world. Global warming has been affecting marine ecosystems and has already led and will further lead to poleward shifts of phytoplankton and marine eco-thermal animals, decoupling of resource requirements and availability, raising the extinction risks and increasing/decreasing suitable habitat for certain species in Canada’s oceans (Drinkwater et al. 2009; Hutchings et al. 2012). For example, range shifts of marine species due to warmer temperatures and the intrusion of invasive species have been documented in Canadian Arctic waters (Niemi et al. 2016; ESSA 2017; Stewart & Lockhart 2004). Ocean acidification and an under-saturation of calcium carbonate, which negatively affects invertebrates and fish using calcium to build their shells and skeletons, have been documented in the North Atlantic ocean and close to Alaska (Niemi et al. 2010; Hutchings et al. 2012; Lovejoy 2010). 
	Ice extent and season, freshwater discharge and input of terrestrial organic matter play a crucial role in the transformations of the ocean (Macdonald et al. 2015). Sea ice loss and higher sea surface temperature (SST) (Chapters 2.4 & 2.5) are good indicators of change in marine ecosystems because of their crucial functional and structural roles, especially in Northern latitudes (Hoegh-Guldberg & Bruno 2010; Larouche & Galbraith 2016; Niemi et al. 2010). According to an exhaustive expert report produced for the Royal Society of Canada the impacts of climate change on biodiversity in Canada’s oceans are and will be significant (Hutchings et al. 2012). Climate change will most likely cause more permanent changes on biodiversity than fisheries or aquaculture (ibid.), or exacerbate their impacts (R. Siron, pers. comm.). It is likely that many changes are already happening, but have not been described yet or can hardly be documented due to missing baseline information (Wassmann et al. 2011). 
	Marine organisms tend to show faster spread rates than terrestrial species, mainly due to dispersal by ocean currents. According to an extensive synthesis of the peer-reviewed literature, which found 1735 biological responses of marine species to climate change, marine species respond differently to changes with the fastest range expansions occurring in phytoplankton, bony fish, and invertebrate zooplankton. Globally, spring phenology in the ocean has shifted from 4.4±0.7 days/decade and summer phenology by 4.4±1.1 days/decade at latitudes above 45°. (Poloczanska et al. 2013)
	Primary production:
	The warming climate could have major implications for fisheries in Canada due to more pronounced vertical stratification, and thus impacts on primary production and marine food webs (Larouche & Galbraith 2016). The marine ecosystem in Hudson Bay is characterized by a small number of trophic linkages. This implies a higher vulnerability of trophic dynamics to changes such as increased primary production (Grebmeier et al. 2006; Niemi et al. 2010). Phytoplankton distribution, abundance, phenology and productivity will probably change with increasing water temperatures since plankton are sensitive to temperature changes and react more quickly than species on land (Hoegh-Guldberg & Bruno 2010; Hutchings et al. 2012; Poloczanska et al. 2013). An earlier phytoplankton bloom has been observed in several international studies (ibid.). In the Arctic Ocean, a reorganization of the seasonality of the plankton food web has been documented with a longer phytoplankton growing season due to the longer open water season and more upwelling events (Arrigo & van Dijken 2015; Barber et al. 2012). There is no information on primary production specifically referring to James Bay. Therefore the following information applying to the whole of Hudson Bay is presented.
	 In Hudson Bay, primary production could be modified due to changes in the physical environment but it is difficult to declare a general trend since data is too scarce (Steiner et al. 2013). 
	 Phytoplankton biomass has increased by 20-25% while primary production has increased by 15-20% (Frey et al. 2017; Steiner et al. 2013; Drinkwater et al. 2009), especially between 2003 and 2016 (Frey et al. 2017). 
	Phytoplankton biomass may have increased in response to higher light availability (Richter-Menge et al. 2016; Tremblay et al. 2011). Loss of sea ice decreases under-ice phytoplankton blooms in Hudson Bay (Niemi et al. 2016; Hoover et al. 2013). Model results show that less ice algae and ice detritus lead to a decrease of benthos and benthic fish while at the same time increasing pelagic production, fish with a more pelagic diet will increase in contrast to species relying on benthic groups for food (Hoover et al. 2013; Drinkwater et al. 2009; Barber et al. 2012; Sibert et al. 2010).
	/
	Zooplankton and higher trophic levels:
	Impacts on lower trophic levels lead to impacts on higher trophic levels such as crustaceans, fish, seabirds and mammals (Gaston et al. 2012). These species react to climate-induced changes in different ways over varying spatial and temporal scales (Drinkwater et al. 2009). Climate change could provoke a change of the dominant zooplankton species in the world’s oceans and potentially a northward migration of some species (Kjellerup et al. 2012; Villarino et al. 2015). Globally, spring zooplankton phenology has advanced significantly by 11.6±2.9 days/decade (Poloczanska et al. 2013). For Hudson and James Bay, no clear trend can be established yet (Steiner et al. 2013). 
	Model projections show that species will change their latitudinal and depth ranges in Canada’s oceans (Hutchings et al. 2012). Shifts in habitat use such as for spawning or migration may have already occurred in Hudson Bay but no trend can be established due to a lack of data (Niemi et al. 2010). Diseases (pathogenic viruses/bacteria) may spread increasingly in the future and affect marine mammals in Hudson Bay (ibid.). The current climate is the main factor preventing invasion from non-indigenous aquatic species into the region and in a warmer climate this barrier could be removed (Niemi et al. 2016; Stewart & Lockhart 2004). Besides, the seaport at Churchill is vulnerable to the introduction, establishment or spread of invasive species, which could migrate to James Bay (Niemi et al. 2016).
	At a global scale, fish species will react differently depending on their habitat requirements, life-history characteristics (short- or long-lived; specialist or generalist) and trophic position (predator or forage fish) – all of which determine their vulnerability (Rijnsdorp et al. 2009). Physiological processes such as growth, development and spawning are significantly influenced by temperature, which is considered the most important abiotic variable in terms of survival and growth (Sharma et al. 2007). Fish growth, swimming speed and activity rates, reproduction, phenology, distribution, recruitment success and mortality are very sensitive to changing water temperatures, vertical stratification, mixed layer depth, sea ice, turbulence effects and advection (Drinkwater et al. 2009). For instance, spawning time is earlier in warmer water; oxygen supply at different temperatures affects behaviour and reproduction; distributional changes can change ecosystem composition due to different migration rates, etc. (Drinkwater et al. 2009). Some of these changes have already been observed in different fish species, for example in the North Atlantic Ocean (Rijnsdorp et al. 2009). 
	Modifications due to climate change have been observed in Arctic marine birds; e.g. thick-billed murres in Nunavut switched their diet from Arctic cod to a more subarctic fish species (capelin) which seemed to affect chick growth and implies a higher availability and northward migration of capelin (Gaston et al. 2012). These changes in phenology and migration patterns of species can have impacts on accessibility and availability to hunters (Hauser et al. 2017) (Chapter 1.4). 
	/
	Permafrost has decreased by 80% since the mid-20th century due to increasing air temperatures (Chapter 2.1) and snow cover (Chapter 2.3) along the eastern coast of Hudson Bay, which has also led to a threefold increase in vegetation cover (Bouchard et al. 2014). Analysis showed a recent 130 km northward regression of permafrost while it is already very limited/marginal in James Bay (Thibault and Payette 2009).
	 Plants seem to grow higher along the coast in some areas (Waskaganish) while they have taken on a rusty colour and look sick in other areas (Whapmagoostui) (CTA 2011);
	 The Cree have observed the drying up of wetlands and an overgrowth of vegetation along the coast preventing geese from stopping over and affecting rabbit and ptarmigan food sources (CTA 2011; Rover and Herrmann 2011);
	 Eeyouch have reported that geese offspring do not grow sufficiently because vegetation is not at its maximum anymore when eggs hatch (CTA 2011).
	Coastal zones and estuaries are very productive zones that provide habitat for a multitude of species. Ice cover has an important impact on wave amplitude, current, salinity intrusion, sediment transportation processes and residual circulation in the estuary (Wang et al. 2012). These processes will most likely change in the future with less ice cover (Chapter 2.4), which could have positive or negative effects on coastal and marine ecosystems. According to Niemi et al. (2016), increased stratification in estuaries due to higher freshwater inputs such as in Hudson Bay (Chapter 2.5) will likely shift fish community compositions in favour of euryhaline and anadromous species over marine species (see also Chapter 3.1.2).
	 The composition of fish species has changed (e.g. more sucker and less white fish) and fish numbers seem to be decreasing in Waskaganish and Whapmagoostui (CTA 2011).
	 Eelgrass along James Bay is decreasing which may be due to multiple effects including climate change and modifications induced by hydroelectric development (ibid.). Considering that eelgrass survival and production is mainly driven by light, temperature and nutrients, climate change will likely induce changes in this plant by modifying these key parameters (Kaldy et al. 2014). The reduction of eelgrass is often associated with the decline in geese on the coast.
	/
	The global understanding of how freshwater ecosystem processes and individual species will react to climate change is good, but there is little information on species community responses and synergies between climate change and other stressors (Woodward and Perkins 2015; Woodward et al. 2010). Freshwater ecosystems are sensitive to global warming because species have limited options to move, both water temperature and availability are dependent on the climate, and other human-induced stressors (e.g. flow modification, water pollution, overexploitation, etc.) already affect freshwater ecosystems (ibid.; Dudgeon et al. 2006; McDermid et al. 2015). Table 9 displays the climate sensitivity of watersheds in Eeyou Istchee James Bay and other stressors for these ecosystems, based on information from an exhaustive assessment of watershed health in Canada that the WWF Canada (2017) conducted in collaboration with leading freshwater scientists. Overall, watershed sensitivity to climate change in Eeyou Istchee James Bay is moderate. In terms of overall health of the watersheds (including water flow/quality, fish, and benthic invertebrates), almost all watersheds in Eeyou Istchee James Bay were considered ‘data deficient’, indicating that it was not possible to establish a baseline picture due to missing information for at least two out of four health factors. 
	Table 9: Sensitivity of watersheds to climate change in Eeyou Istchee James Bay 
	 Alteration of flows: moderate
	 Alteration of flows: very high
	 Habitat loss: high
	 Alteration of flows: high
	 Habitat loss: very high
	 Habitat loss: very high
	 Habitat loss: moderate
	 Habitat fragmentation: moderate
	 Pollution: moderate
	Information assembled from the interactive maps of the Watershed Reports available at http://watershedreports.wwf.ca 
	For the CC threat, shifting temperature patterns and changes in the amount of precipitation were considered as they can have a significant effect on watersheds. Data for water flow was obtained from the Canadian Dam Association, the HYDAT database of ECCC, and the Centre d’expertise hydrique du Québec of the MDDELCC, while climate change data comes from ECCC’s CANGRD. 
	Higher evaporation and evapotranspiration in response to higher temperatures could provoke a decline in water levels reducing access to spawning areas, and increase turbidity and wave action (Sharma et al. 2007). Warmer water temperature and longer open-water periods will likely cause phenological changes, mismatches and modify food webs in lakes and rivers (Wrona et al. 2016). Dissolved oxygen declines resulting from warmer temperatures can negatively affect embryonic development of aquatic organisms (Sharma et al. 2007). In their extensive literature review and meta-analysis on climate-induced distributional changes of freshwater fish, Comte et al. (2012) conclude that climate change will severely impact certain freshwater fish species in the future (in addition to other stressors) (see also Chapter 3.1.2). Some rivers of the Western Hudson Bay Lowlands (around  55N) experienced very high water temperatures in 2001 (over 20°C) that led to unusual stratification, thermal stress and consequently, significant die-off of anadromous brook trout and white suckers (Rühland et al. 2014; Gunn & Snucins 2010; Cooperative Freshwater Ecology Unit 2013). 
	 No assessment on climate-related sensitivity of fish has been conducted in Eeyou Istchee James Bay. Nevertheless, Tam et al. (2011) found that furunculosis in fish had increased around Oujé-Bougoumou which could be due to climate change, most likely warmer air temperatures that warm up lake water. Since Northern fish can only tolerate a limited temperature increase, higher temperatures can weaken them and make them more vulnerable to diseases. In the context of global warming and other stressors (e.g. mining), furunculosis is expected to spread further, which also affects food security (see Chapter 1.4) since people do not want to eat fish they describe as ‘disfigured’ (ibid.).
	The duration and frequency of thermal stratification events in lakes of the Hudson Bay Lowlands may increase due to warmer temperatures (Rühland et al. 2014). Higher water temperatures could have dramatic consequences on water quality and fish habitat affecting ecosystem productivity and fish biology (Sharma et al. 2007). The most affected fishes will likely be cold-adapted specialists (Sharma et al. 2007; Wrona et al. 2016; Vincent et al. 2013; Comte et al. 2012; Gunn & Snucins 2010). 
	 For most fish species harvested by the Cree (Berkes & Mackenzie 1978), habitat suitability is predicted to decrease, such as for Salmonidae (e.g. whitefish, trout, cisco), Acipenseridae (e.g. sturgeon), Catostomidae (e.g. white sucker), Esocidae (e.g. pike) and especially Lotidae (e.g. burbot), while Percidae (e.g. walleye, perch) may find more suitable habitat in the future (Comte et al. 2012; Lyons & Stewart 2014).
	 The Cree have observed whitefish arriving two weeks later in the last years and having less fat reserves. Fish generally seem to be smaller and less healthy (CTA 2011). 
	/
	Wetlands figure among the most productive ecosystems on earth (US EPA 2017). The direct impacts of climate change on precipitation patterns (Chapter 2.3) and its indirect effects on evapotranspiration control the hydrology of wetlands (Hershkovitz et al. 2013). Changes in temperature, water input or nutrient levels can decrease the quality of their ecological functions, such as purifying and storing water or providing flood protection (Hershkovitz et al. 2013; Orlova et al. 2014). Peatlands represent 50-70% of all global wetlands, and are mostly found in the boreal forest and subarctic regions of Canada and Russia (Garneau 2017; McLaughlin & Webster 2014; Appendix 10). Peatlands such as the James and Hudson Bay Lowlands are one of the greatest global carbon sinks, but their role in a changing climate is uncertain (Garneau et al. 2014; Pelletier et al. 2011; Charman et al. 2013; McLaughlin & Webster 2014). 
	Regional climate and topography appear to play a crucial role in long-term peatland accumulation (Charman et al. 2013; Garneau et al. 2014). Warmer and wetter climate conditions, especially warmer temperatures, favour peat accumulation whereas a warmer and drier climate would increase the decomposition rate of organic matter and CO2 release to the atmosphere (M. Garneau, pers. comm.; Garneau et al. 2014; Charman et al. 2013). James Bay peatlands are potentially vulnerable to climate change, but may also benefit from it and become even greater carbon sinks (M. Garneau, pers. comm.).
	 A higher peat accumulation rate under warmer temperatures has been observed at wetlands around Eastmain and at the La Grande complex (M. Garneau, pers. comm.; Garneau et al. 2014). 
	 Carbon fixation in peatlands situated north of the 51st parallel could be favoured by climate change due to the projected longer growth season, a rise in surface moisture and an increased hydrological cycle (Garneau 2017; McLaughlin et al. 2014; Garneau et al. 2014). However, peatlands on permafrost will probably disappear (Garneau & van Bellen 2016).
	 Peatlands in James Bay are probably less vulnerable to wildfires as they are more humid, open and have a lower forest density than in Western Canada, and the peatland’s moisture content provides a good fire protection (Garneau & van Bellen 2016; M. Garneau, pers. comm.). 
	/
	Species distribution models (SDM) generally predict suitable habitat for tree species with appreciable degrees of accuracy, but they fail to determine abundance and how species will be assembled (McKenney et al. 2007; Chambers et al. 2013). This also remains a challenge for species abundance models (SAM) which can predict the abundance of the most dominant species, but model performance is poor in terms of forecasting species assemblages, and thus predicting biodiversity (McGill et al. 2007, Chambers et al. 2013). Warmer temperatures will affect the boreal forest in various ways such as by altering forest productivity, distribution or disturbance regimes. Effects can arrive simultaneously, interact, or cumulate, but it is very hard to determine which ecosystem processes will be affected the most. Over the next 50-100 years, the majority of climate change impacts seem to be negative for the boreal forest in Canada (Price et al. 2013). 
	Forest distribution and productivity:
	Graminoids and shrub-tundra experienced a 20-60% increase in green leaf area at the taiga-tundra ecotone in Northern Canada from 1986 to 2010, which is a clear sign of the northward migration of species (McManus et al. 2012). The boreal climate zone will probably shift 5 to 10 times quicker than the natural speed of expansion by trees with the most important changes occurring in the ecotones (Price et al. 2013; Côté 2014). Species producing light seeds that can be distributed by winds will be favoured by these shifts in contrast to conifers producing large and heavy seeds (Price et al. 2013). 
	 Model projections for Eeyou Istchee James Bay by Tremblay et al. (2013) show an increase in trees, shrubs and ferns in the North and some Eastern mountains and a decrease in the South and some central regions. They predict a general increase in grasses except for the South. The biodiversity of vascular plants would increase under a warmer and wetter climate while the richness of lichens would be reduced.
	 Black spruce in Hudson Bay has moved to higher elevations by a dozen meters (Berteaux et al. 2014). Périe et al. (2014) indicate that black spruce may not find other suitable habitat and list it among the most vulnerable tree species to climate change in Quebec. 
	A higher rate of photosynthesis and respiration under warmer temperatures will likely provoke an earlier start of the growing season in the boreal forest, and higher water use efficiency (Auzel et al. 2012; Price et al. 2013). This favours an increase in the carbon reservoir and plant productivity, especially in Eastern Canada. At the same time, it accelerates the nutrient cycle leading to a higher decomposition rate and less carbon stored in the soil (ibid.; Auzel et al. 2012; Bowman & Murphy 2010). 
	Disturbance regimes:
	Extreme weather events such as wildfires and strong winds can alter forest ecosystem dynamics. Wind affects the growth of trees (especially in the zone between taiga and tundra) and the dispersal of seeds; it can also provoke accelerated soil erosion and the delocalization of snow which in turn diminishes seedling insulation (Holtmeier & Broll 2010). 
	 Considering that extreme winds may increase in Eeyou Istchee James Bay (Chapter 2.2), they could cause great damage on forest ecosystems such as already documented in other parts of Canada, e.g. in Nova Scotia or British Columbia (Lemmen et al. 2014; Price et al. 2013).
	Wildfire severity, occurrence and frequency are predicted to increase across Canada in the upcoming decades (Flannigan et al. 2016; Flannigan et al. 2009; Wotton et al. 2009; Terrier et al. 2013, Price et al. 2013; Oris et al. 2014; Lemmen et al. 2014; Flannigan et al. 2013). Holdover fires smouldering under the snow may also become more common (Price et al. 2013). In fact, for every 1°C increase in temperature, precipitations need to increase by more than 15% to prevent drying (Flannigan et al. 2016; Hély et al. 2010). In Canada, temperature increase will outplay the increase in precipitations, thereby raising fire risk (Flannigan et al. 2016). In Quebec, 9% of closed-canopy forests have been replaced by open lichen woodlands mainly due to wildfires over the last 50 years (Girard et al. 2008). Since the 1980s, large fire occurrence has dramatically increased in northeastern and northwestern Canada (Le Goff et al. 2007). The number of days of head fire intensity (unmanageable crown fires) substantially exceeding the capabilities of suppression resources will rise in the 21st century (Wotton et al. 2017; Flannigan 2017). Extreme fire weather including high temperatures and strong winds can highly influence the extent of the burned area, such as in the case of the huge Eastmain wildfire in 2013 (Erni et al. 2017). The frequency of extreme fire weather is predicted to increase in Canada, e.g. lightning events which will be likely to raise the frequency and intensity of wildfire (Wang et al. 2015; Flannigan 2017; Bowman & Murphy 2010 Wotton et al. 2010).
	Northern Quebec has one of the highest fire frequencies and proportions of burnt land due to wildfires in North America (Erni 2016). Istchee James Bay has a burn rate of 2.1% of the land area per year, with the Northern section experiencing larger fires than the southern region (ibid.). 
	 64% of south-eastern Eeyou Istchee James Bay (representing 22% of Eeyou Istchee James Bay) has a very high fire risk (Mansuy et al. 2012). 
	 Although some researchers believe that the frequency and size of recent wildfires have not exceeded the variability observed during the last 175 years, all Cree communities have already been exposed to forest fires, and survey participants from six out of eight communities indicated that fire frequency had increased while participants from four communities also observed an increase in fire intensity (Erni 2016; FNQLSDI 2017). 
	 The current fire season in Eeyou Istchee James Bay could lengthen from 1 month (June) to 3 months (June – August), which would require more fire prevention measures (Le Goff et al. 2009; Price et al. 2013; Boulanger et al. 2013).
	 According to Le Goff et al. (2009), spring fires may become less frequent with a delayed seasonal peak in fire season. August fire risk for Waswanipi could double by 2100 while the May wildfire risk would slightly decrease. 
	In conclusion, these disturbances can alter the composition of the forest, e.g. black spruce may recede giving way to drought and fire-adapted pine species (Price et al 2013). Other disturbance factors include spruce budworm or other pests and diseases. The projected increase in Northern plant richness may be reduced due to the arrival of more invasive species or parasites (Tremblay 2013; de Blois et al. 2013). 
	 Under current climate model predictions, spruce budworm, whose physiology is directly influenced by temperature, will be able to invade northward in Quebec, and other pest outbreaks will likely increase due to milder winter temperatures (Samson 2012; Lemmen et al. 2014, Price et al. 2013; see Appendix 11 for future budworm migration). 
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	Limited research has been conducted on climatic impacts on wildlife and vegetation of the North American boreal forest (Price et al. 2013). In Quebec, assessing climate-driven effect on biodiversity is challenging due to the rarity of long term studies and the high natural variability of populations that can overshadow climate impacts (D. Berteaux, conference at EDS institute 2016). Extensive observations from naturalists like ornithologists or local knowledge can provide much insight of past changes, and bioclimatic niche models are frequently used to assess if wildlife and plants will expand, displace or contract their distribution area in the light of climate change, and if new species will migrate (Berteaux et al. 2014). 
	Changes in phenology and mismatches:
	Global studies and the ones in Quebec have shown that climate change strongly influences the phenology of plants. This is why altered spring phenology has become a clear signature for climate-induced impacts. In Quebec, an earlier onset of flowering by an average of 2 to 5 days per decade has been documented (Berteaux et al. 2014). Changes in the phenology of plants are very important due to their influence on higher trophic levels, such as pollinators. Considering the very short growing season in Northern Quebec, the impact of a warming climate will have a much higher influence on the seasonality in this region than further south. 
	 The growing season in Northern Quebec has lengthened by several days from the 1980s to 2006 with an earlier start in spring, but it is unknown whether this has more positive or negative consequences for species (Samson 2012; Berteaux et al. 2014).
	Climate change can decouple species’ phenology from available nutritional resources (Parmesan & Hanley 2015) such as an earlier onset of the growing period. This phenomenon can disrupt trophic interactions between plants and animals thereby causing mismatches (Rinawati et al. 2013; Le Corre et al. 2016). According to Nantel et al. (2014), phenological mismatches will become more frequent in Canada. Birds of the boreal forest, which are mainly insectivorous, could be affected because of the possible mismatch with the life cycles of the insects they feed on (Price et al. 2013). A mismatch could also occur between the date of arrival on calving grounds of migratory caribou and vegetation green-up (Le Corre et al. 2016). 
	Migration and distribution:
	Climate change will be likely to cause a migration of species to higher elevations and northward. In contrast to phenological changes, climate-driven migration of species is very hard to measure because a species’ range is never homogenous and range limits are vague. An exhaustive global study, including more than 2000 species, concluded that species ranges have recently shifted on average by 16.9 km to higher latitudes and by 11m in elevation per decade (Chen et al. 2011). A study on migratory birds in Quebec south of the 47th parallel found that 80% of the 113 species studied arrived earlier; on average by 0.9 days/decade (Berteaux et al. 2014). Butterflies in Eastern Canada (80 species) have on average moved their ranges northward by 140 km between 1970 and 2012 (ibid.). In this context, it is important to mention that the inertia of plants is generally much greater than for wildlife limiting their dispersion potential to find new suitable habitat (D. Berteaux, conference at EDS institute 2016). The potential shift of bioclimatic niches is expected to be 44km/decade in Quebec which is 5 to 10 times higher than the migration speed at the end of the last glacial period (Berteaux et al. 2014; Côté 2014).
	 Several Cree communities have noticed a higher presence of white-tailed deer, moose, coyotes and wolves (CTA 2011; Herrmann et al. 2012; Taillon et al. 2016). 
	 The increasing arrival of more pests and diseases (Chapter 3.2.1) can affect the health of wildlife, and consequently, the food quality of the hunted game (Chapter 1.4). The Cree have noticed the arrival of white-tailed deer carrying the P. tenuis parasite which is deadly for moose and caribou, and could have a major impact on these animals (Herrmann et al. 2012). 
	 Cree hunters have observed a change in the distribution of amphibians (frogs) which now seem to be rarer inland and more abundant on the coast (Herrmann et al. 2012).
	 A comparison of the CTA big and small game reports from 1992-1997 and 2012-2017 reveals a major decline in harvest of muskrat (-76,7%), otter (-64,3%), beaver (-57,2%), caribou (-47,9%), red fox (-34%)  and marten (-16,2%), while an increase in harvest can be observed for moose (+33%), lynx (+30,5%) and black bear (+9,4%) (Appendix 12). It would be useful to determine the reasons behind these shifting harvesting trends, e.g. whether it is due to a changing availability and distribution of the species or rather hunters’ preferences or activity.  
	 Beaver populations are predicted to substantially expand their interior range and modestly expand their northern range in Quebec, which would imply higher beaver populations in Eeyou Istchee James Bay (Jarema et al. 2009). However, beaver harvest in Eeyou Istchee James Bay has decreased by almost 60% from 2012-2017 versus 1992-1997 (Appendix 12).
	 Polar bears in Hudson Bay have been greatly impacted by the loss of sea ice as their hunting and resting platform. This affects their distribution, physical health and cub mortality, and has also led to much more frequent bear sightings in proximity to Cree camps searching for food (Moore & Huntington 2008; Obbard & Middel 2012; Herrmann et al. 2012; CTA 2010; Hossein 2017; EMRWB, pers. comm.).
	The current range of woodland caribou may decrease significantly due to increased predation (e.g. more wolves due to higher moose population), habitat change, mismatches between changing plant phenology and grazing, physiological constraints due to higher temperatures (e.g. impacts on health) and more diseases (e.g. P. tenuis) (Price et al. 2013; Sharma et al. 2009; Racey 2005; Taillon et al. 2016). The complex interactions between different stressors makes the future of Northern Quebec’s caribou herds very uncertain (Nantel et al. 2014). Migratory woodland caribou appear to be affected by decreasing ice on lakes and rivers hampering their migratory movements in spring and fall and increasing their energy needs (Leblond et al. 2016; Sharma et al. 2009; Hénault-Richard et al. 2014). Le Corre et al (2016) found that migratory caribou adjusted their migration patterns according to weather conditions, e.g. they advanced spring migration in mild winters (possibly to avoid travelling in soft snow and increasing their energy needs) and delayed it when there was abundant snowfall in April; they also seemed to start fall migration earlier, although other studies found a delay of fall migration (Taillon 2013). 
	 In a survey, a third of the Cree respondents mentioned a change in the distribution of woodland caribou, but the direction of change is not clear (Herrmann et al. 2012). Another study with Cree hunters found that woodland caribou harvest has decreased, especially on the coast which may be linked to a changing distribution of caribou (Royer and Herrmann 2011, see also Appendix 12).
	In conclusion, Eeyou Istchee James Bay has undergone major transformations due to industrial development, e.g. hydro-electric installations and road and railroad networks in the southern part of the territory for the mining and forestry sector. The Government of Quebec’s goals for the Plan Nord include that 20% of the territory shall become protected areas in 2020, and 30% shall be exempt from industrial activities by 2035 (SPN 2017). The Cree are of the firm opinion that these 50% protected area, must apply to each region independently, not the territory covered by the Plan Nord as a whole, and that all past industrial development needs to be taken into account when designing protected areas. To date, very little information has been compiled on the ecosystems in Eeyou Istchee. Considering major impacts from industrial development that can be exacerbated by climate change, it becomes a “pressing need to strengthen our knowledge of these ecosystems, using both Cree knowledge and scientific data and analysis” (Cree Vision of Plan Nord 2011).
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	Built infrastructure includes a variety of assets such as transportation networks, private/public buildings, energy/telecommunication infrastructure, as well as water/wastewater infrastructure. Climate hazards can lead to failures of different infrastructure assets interrupting essential community services and disrupting economic activities while also provoking health and security risks (FNQLSDI 2017). Expensive municipal infrastructures in Eeyou Istchee James Bay such as wastewater treatment plants or waste-/rainwater drainages and culverts are constructed relying on old data without considering climate-related risks such as evolving snow cover and melt and more heavy rainfalls (JBACE, pers. comm.). According to the Department of Capital Works and Services (CWS) of the CNG (pers. comm.), climate change may modify the length of the construction season, impact soil conditions, cause drainage issues following heavier than usual rainfall, and affect transportation by boat of materials and equipment to Whapmagoostui due to hazardous ice conditions or extreme weather. These and other climate hazards challenge current infrastructure design, construction, operation and maintenance, and create additional risks and costs, and need to be taken into consideration to improve infrastructure and maintain assets properly (Félio 2012). 
	Figure 4 illustrates challenges to infrastructure management with respect to climate change as outlined by a survey of key stakeholders in the Public Works and Public Safety departments of eight Cree communities in Eeyou Istchee James Bay (FNQLSDI 2017).
	 Inland flooding due to high water levels in rivers, heavy and sudden rainfalls and rapid snow ice melt has already impacted infrastructure in seven communities, such as by flooding camps or washing out bridges;
	 Forest fires have impacted infrastructure in all participating communities, such as by causing power outages;
	 Impacts have been primarily observed on ancestral lands (7/8), but also in the community itself (5/8).
	 Assets considered a priority were buildings, transportation, and water management.
	o Transportation (8/8). E.g., the 2013 forest fire in Eastmain cut off the only access road to Eastmain thereby isolating the community (the James Bay Highway was closed for over 300 km, Breton et al. 2017). In Nemaska, the access road was flooded due to high water levels from sudden snow melt.
	o Buildings (8/8). E.g., less ice cover has increased erosion and some Cree camps have been exposed to this. Cree camps have been flooded due to high water levels, and property on ancestral land has been lost to forest fires.
	o Water management (4/8). E.g., a power outage (caused by a forest fire) at the wastewater plant in Oujé-Bougoumou disrupted its services and led to raw sewage being dumped directly into the river. More frequent freeze-thaw cycles seem to have caused ice layers to block the drainage system in Mistissini.
	 Climate-induced impacts on assets have already led to budget overruns in a third of the communities, mostly as far as transportation and buildings are concerned, followed by energy infrastructure.
	Figure 4: Climate change impacts on infrastructure in Eeyou Istchee James Bay
	According to the CWS (pers. comm.), few impacts on infrastructure have been observed, which explains why no climate-related measures have been taken with regards to infrastructure, and climate change is not yet included in decision-making processes or infrastructure design. However, the community master development plan includes some erosion mitigation measures and “no build” zones (ibid.). No information on vulnerabilities, impacts or adaptation to climate change could be obtained from Cree economic development entities such as CREECO, AirCreebec, mining companies or the Cree Construction and Development Company. 
	The following information describes general climate-related infrastructure challenges that can be useful for local decision-makers. Climate change can affect built infrastructure in various ways. According to FNQLSDI (2017), climate hazards can deteriorate access or connectivity and provoke evacuation, thereby creating risks to civil security and reducing services. They can further decrease material durability, cause premature aging as well as more breakages, repairs and reconstructions. Hazards can lead to increased costs or higher frequency in terms of repairs, insurance and maintenance. They can impose the modification of construction planning and construction codes. Some climate impacts may turn out to be positive, i.e. reduced road maintenance due to milder temperatures, or the creation of jobs and development of climate-specific expertise. 
	Missing information about the state of infrastructure as well as inadequate management and maintenance practices make infrastructure vulnerable to climate change all across the province of Quebec whereas well-maintained infrastructure is more resilient in a changing climate (Ouranos 2015Andrey et al. 2014). Figure 5 presents some reflections on future adaptation of infrastructure in Eeyou Istchee James Bay.
	 Having access to maps of at-risk areas such as zones that are vulnerable to flooding or forest fires;
	 Providing access to accurate forecasts regarding floods and forest fires;
	 Raising awareness about the risks of climate-related disasters and the associated costs;
	 Adapting construction planning and code to climate risks in order to reduce the negative impacts on infrastructure in the event of a disaster.
	Figure 5: Climate change adaptation of infrastructure in Eeyou Istchee James Bay
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	For the whole of Canada, little information on climate change impacts on natural resource development and industry is available as companies seem reluctant to disclose information in order to prevent damaging their competitiveness (Kovacs & Thisthethwaite 2014). According to the Department of Commerce and Industry (DCI) (pers. comm.), companies operating in Eeyou Istchee James Bay are starting to adjust project conceptions and to consider climate change following a common sense approach. However, the recent modernization of Quebec’s environmental authorization process (EAP) promotes adaptation to climate change and reduction of GHG emissions in the legal framework. A project proponent may be required to implement climate risk-considerate adaptation measures (“test climat”). According to the Department of the Environment and Remedial Works (ERW), this will favour project resilience and better protect the natural and social environment (Voyageur and McLean 2017). In this context, it will be crucial to consider regional climate projections (Chapter 2) and the socio-economic context of the North (Chapter 1) that differ from those of the South.
	Eeyou Istchee James Bay is very rich in precious and base metals. Recently, a large gold discovery has been made in the Opinaca Reservoir area, and other areas promise substantial reserves of diamonds and gold (Otish Mountains) or lithium (Nemaska area). Quebec’s first diamond mine Renard was opened on Mistissini trapline M-11 in 2016. (Larbi & MacKinnon 2016) The ore found in Eeyou Istchee James Bay is of very high quality (Larbi 2017). All of these factors explain the recent boom in mining exploration, which is expected to further increase the need for workers (ibid.). Since climate is a crucial factor influencing a mine’s yearly operation conditions (Pearce et al. 2009a; Bussière et al. 2017), potential impacts and risks of a changing climate on the mining cycle need to be taken into account. Climate change has been acknowledged as an emerging concern by 75% of practitioners in the mining sector in Canada (Ford et al. 2011; Pearce et al. 2011). In a survey conducted by Ford et al. (2011), respondents employed in the Canadian mining sector indicated that the most common climate hazards were: heavy rainfall (71%), heavy snowfall (56%), storm events (33%), flooding (25%), and cold temperatures (19%).
	Climate impacts on mining infrastructure and transportation networks as well as hydrology and operations are key areas of concern for the mining industry (Duerden et al. 2014). Climate-related risks (e.g. extreme events) are being considered more and more by investors and financial institutions because climate change could lead to operation costs beyond forecasts, or the need for unplanned capital investment (Acclimatise 2010). No case studies on climate-related impacts on mining have been carried out in Eeyou Istchee James Bay, and the following general information applies to all mining sites.
	Climate change impacts the whole mining cycle from planning and site selection to operations and also the post-operation phase (Lemmen et al. 2014). The exploration phase has a low vulnerability to climate change because it is carried out over a short period of time and people can adapt along the way (Bussière et al. 2017). In the exploitation phase, operations can be disrupted or delayed and built assets and transportation infrastructure (on-site and access roads) may be disrupted or weakened, e.g. from flooding, cyclones or forest fires (Duerden et al. 2014; Pearce et al. 2011). This can lead to high economic losses, for example due to higher maintenance costs or delayed exportation of products (Acclimatise 2010). The variability of climate extremes can become problematic in terms of water and residue management (e.g. capacity of retention basins, spillways, etc.) (Bussière et al. 2017). Moreover, operation costs and risks may rise (Duerden et al. 2014). This has been observed at some sites across Canada. For example, more frequent power outages and associated loss of productivity can threaten the economic viability of mining operations, which may also prevent foreign capital investments (Acclimatise 2010). All in all, the vulnerability of the exploitation phase is considered less critical for Quebec’s mining sector due to its restricted life cycle, but companies need tools to integrate climate change into asset construction and planning (Bussière et al. 2017). An exhaustive vulnerability assessment of the mining sector in Quebec found that the restoration phase was the most vulnerable to climate change as it usually only considers historic climate conditions and not future projections (ibid.). For example, abandoned mining sites can become problematic when a site gets flooded overtopping the capacity of the tailings dyke and contaminating the surroundings.
	Figure 6 presents some reflections on future adaptation of the mining sector in Eeyou Istchee James Bay.
	 Planning needs to be flexible, to recognize regional variation, and practitioners and scientists need to collaborate (Mining Association of Canada 2012). 
	 The exhaustive report by Bussière et al. (2017) on the Quebec mining sector provides recommendations for each phase of the mining cycle (Appendix 13).
	 Mining projects in Eeyou Istchee James Bay could benefit from lessons learned at other mining sites across Canada, where climate impacts have already been observed or where climate adaptation is already being considered for the planning, operation and post-operation phases. 
	 Companies should consider worst case scenarios of climate change to avoid bad surprises (DCI, pers. comm.).
	 Mitigation measures could be adapted to the benefit of the people who use the land 
	 E.g. restoration of a mining site: planting of shrubs already present in the southern part of the territory to anticipate future northward migration and improve harvest of certain species for hunters such as moose (ibid.)
	Figure 6: Climate change adaptation of the mining sector in Eeyou Istchee James Bay
	Energy supply, transmission and demand are all vulnerable to climatic variability (Lemmen et al. 2014; Delphi Group 2017). The subsector of energy transmission and distribution is one of the most vulnerable to climate change (Wilson 2017). For example, transmission lines and other energy distribution infrastructure are vulnerable to extreme weather events, and production facilities could be exposed to more flooding, forest fires, severe storms or ice hazards disrupting energy supply (Lemmen et al. 2014; Ouranos 2015). The hazards are projected to become more frequent in Eeyou Istchee James Bay (see Chapters 2.2 & 3.2.1). Many industries rely on electricity, and consequently, impacts on the energy sector may indirectly influence other sectors as well (Delphi Group 2017).
	 Power outages in several communities in Eeyou Istchee James Bay have occurred frequently due to forest fires (FNQLSDI 2017). Since forest fires are predicted to increase in the future (Chapter 3.2.1) these kinds of power outages could occur more frequently.
	Considering the geographical location and the lifespan of energy infrastructure is very important in the context of a changing climate (Delphi Group 2017) since the life span of assets such as a hydropower dams is about 100 years. This makes them highly vulnerable to environmental changes (e.g. changes in maximum precipitation could increase flooding risks) (Clavet-Gaumont et al. 2017). Climate change affects the timing and magnitude of river flows (Chapter 1.5), and requires action on adaptive reservoir management (Lemmen et al. 2014; Lemmen et al. 2016). 
	 An increased river flow in response to higher precipitation (Chapters 2.3 & 2.5) could be beneficial for hydroelectric power generation in Eeyou Istchee James Bay, but higher hydrologic variability could provoke overflows (Lemmen et al. 2014).
	For the whole Canadian energy sector, no risk-based economic analyses have been conducted, and stakeholders relate this to missing (political) guidance (Delphi Group 2017). No lessons learned are made public, even though large companies in the energy sector seem to assess physical climate risks annually (ibid.). Nevertheless, in Ontario, the Infrastructure Engineering Vulnerability Committee (OIEVC) Protocol was applied to assess the vulnerability of the electrical transmission sector and Toronto’s Hydro-Electric System (Wilson 2017). In Quebec, the big ice storm in 1998 led to the implementation of new construction criteria for electrical transmission facilities (Eyzaguirre & Warren 2014). Figure 7 presents the main barriers to adaptation, and current adaptation projects from Hydro Québec. 
	 Hydro Québec (HQ) currently does not include future climate scenarios in hydrological projections (pers. comm.).
	Figure 7: Climate change adaptation of hydroelectric development
	Climate change affects the distribution, productivity, composition and disturbance regimes of forests (Chapter 3.2.1), and will therefore also influence forestry activities (Lemmen et al. 2014; CEAEFCC 2017; Boccanfuso et al. 2014). Considering the rapidity and amplitude of changes, it will be necessary to integrate projected changes into sustainable forestry management such as by adjusting composition planning (CEAEFCC 2017). The following information applies to the boreal forest in general.
	 A longer growing season and higher forest productivity could raise revenues. 
	 Climate change can positively and negatively (e.g. more pest outbreaks) influence wood harvest and the quality of forest products (berries, mushrooms, medicinal plants), and its cultural and recreational value (Chapter 3.2; Lemmen et al. 2014; CTA 2011). 
	 The predicted higher wildfire occurrence and intensity (Chapter 3.2.1) may lead to a loss of timber production, endanger forestry operations and the safety of workers (Le Goff et al. 2009). Forest fire risk also needs to be considered to determine where sustainable forestry practices will be possible (see Appendix 14).
	 Climate change adds a new layer of complexity to fire management, and more resources (time, effort) will be needed to extinguish and manage wildfires (Bowland & Murphy 2010; Price et al. 2013). 
	 Climate hazards can create additional risks and costs for forestry operations, e.g. in terms of forest access. In Eeyou Istchee James Bay, a costly bridge built by a forestry company was washed out due to an extremely high spring melt and forest fires can cut off access roads (DCI, pers. comm.).
	Across Canada, climate awareness has increased among forestry practitioners and governments, and current practices rely more and more on an adaptive approach instead of crisis management (Lemmen et al. 2014). The Canadian Council of Forest Ministers has labelled climate change one of two national priorities for sustainable forest management (Lemmen et al. 2014). Figure 8 outlines recent research on adaptation of the forestry sector.
	 The Climate Change Task Force (CCTF) develops several documents, tools and frameworks to help forest managers move forward with adaptation planning and conduct vulnerability assessments (Johnston & Gatin 2017). Available at: www.ccmf.org/english/coreproducts-cc.asp
	 The interactive online platform Climate Change Adaptation Community of Practice (CCACoP) has a group dedicated to forestry called Forestry Adaptation Community of Practice (FACoP) where best practices are shared (ibid.)
	 Prospective adaptation actions present a knowledge gap and still prevent action according to the National Roundtable on the Environment and Economy (Lemmen et al. 2014). This could be a field of future studies.
	Figure 8: Climate change adaptation of the forestry sector in Eeyou Istchee James Bay
	Outdoor, adventure and cultural tourism in Eeyou Istchee James Bay rely on weather conditions and the presence of iconic species and certain plants. Tourism can be positively or negatively affected by climate change. To our knowledge, no publicly available study or report focuses specifically on tourism and climate change in Eeyou Istchee James Bay. Therefore, the following information was extracted from other case studies, general reports, and information provided by local stakeholders in order to draw a picture of the potential impacts of climate change.
	 Warmer temperatures could be beneficial for longer touristic seasons and more summer recreational activities and potentially higher revenues (Lemmen et al. 2016), whereas revenues from winter activities (ski, snowmobile, and snowshoe) may be affected from unpredictable weather patterns, softer snow, later freeze-up of lakes, and unstable ice conditions (see Chapter 2).
	 The quality of sports fishing (pike, walleye, lake, and speckled trout), hunting (e.g. caribou) and wildlife watching could be negatively or positively impacted by climate-induced changes in wildlife distribution, abundance and health (COTA, pers. comm.; Kovacs & Thistlethwaite 2014; Chapters 3.1.4 and 3.2.2). Lower abundance and quality of game may put higher pressures on subsistence harvesters (Chapter 1.4) and increase competition with sport hunters. In fact, due to the decline in migratory caribou, a moratorium will be effective on February 1, 2018 for sports hunting of caribou. 
	 Tourism infrastructure (e.g., wharves, coastal properties, hunting and fishing outfitters and camps) distributed all across the region (Appendix 1) and cultural sites could be damaged by more extreme weather events (Chapter 2.2) and also pose safety problems (e.g. evacuation, energy supply) Lemmen et al. 2016; Savard 2016).
	 The cultural economy, i.e. Cree arts and crafts and the Cree way of life, may be affected if certain materials found in the natural environment are not available anymore, skills are not transferred to produce crafts, and intergenerational knowledge of Cree life is transferred less from the elders to the youth (Cree Vision of Plan Nord 2011; COTA pers. comm.).
	 COTA is currently evaluating the touristic potential of a polar bear viewing boat tour on North and South Twin Islands 60km offshore from Wemindji (Hossein 2017). Besides understanding bear behaviour in response to a higher human presence or the capacity of Wemindji to accommodate a substantial flux of tourists, knowing weather conditions (e.g. extreme weather events, strong waves, sea currents, unpredictable weather etc.) (Chapter 2) and how they will be impacted by climate change will be important to guarantee safe rides for tourists by boat and the feasibility and economic viability of such a project (Hossein 2017; Tyrrell 2006; COTA pers. comm.).
	Figure 9 presents some aspects of adaptation of the tourism sector in Canada and Eeyou Istchee James Bay.
	 Since Eeyou Istchee James Bay may both suffer and benefit from climate change, it would be important to seize future opportunities while also preparing for potential losses. 
	 COTA suggests that planned activities of coastal tourism (e.g. boat cruises) and outfitters should consider climate risks to revenues and civil security, such as unpredictable weather patterns, extreme events and changes in the availability and quantity of certain species that are important for sports fishing and hunting (pers. comm.). 
	 More information on climate impacts and cost-effectiveness of adaptation strategies for tourist operators may present promising research avenues for the future.
	Figure 9: Climate change adaptation of the tourism sector in Eeyou Istchee James Bay
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	International climate policies have significantly focused on curbing GHG emissions in order to prevent dramatic climate change and the crossing of key climate tipping points (Ford 2012). Yet, proactive adaptation measures are necessary because global warming is unavoidable. It will have significant socio-economic and environmental effects. According to Ford (2012), adaptation is considered a crucial aspect of climate policy from the local to the international level. It provides populations with the means to preserve their culture, to assert livelihoods and to strengthen health and economic development. 
	At the international level, the Paris Agreement (2016) aims at keeping global temperature rise below 2°C and strengthens the ability of 160 countries to adapt to the impacts of climate change (IPCC 2014). At the national level, many governments have developed climate change adaptation plans in recent years, and sectoral adaptation initiatives have been put into place (Ford 2012; IPCC 2014; Ouranos 2015). Recently, Canada has released the pan-Canadian framework on clean growth and climate change (2016). This strategy recognizes the particular vulnerabilities and rights of indigenous peoples, and also draws on traditional knowledge for decision-making. There are also several other mechanisms such as the Climate Change Adaptation Platform (NRCan) and different federal programs that support climate change adaptation research and exchanges (e.g. ECCC, Health Canada, AANDC). At the provincial level, Quebec has its own strategy on climate change adaptation for 2013-2020 to reduce emissions and improve resilience for the benefit of Quebec society.
	Indigenous peoples are often described as “powerless victims of climate change” (Ford 2012). Yet, this underestimates their capacity to adjust and use traditional knowledge systems for adaptation purposes. As stated by an elder of Weenusk in Western James Bay: “The Cree have always adapted and they always will. Just like every other species out there. Some migrate. Some stay and adapt” (Lemelin et al. 2010:8). Indigenous peoples have adapted to natural and cyclical changes of the environment for generations, but unexpected and abrupt changes can become problematic (Larivière 2011). 
	Almost everyone speaks Cree in Eeyou Istchee James Bay, and cultural continuity and the preservation of traditional activities is encouraged in many ways, for example through specific cultural programs organized on the community level, or widely celebrated festivities and holidays such as Goose Break and the Walking out Ceremony. Nevertheless, the Cree, as well as other indigenous communities, face common challenges with respect to cultural continuity and knowledge transfer trying to preserve cultural activities and language in a rapidly changing and increasingly modernized world (Cree Vision of Plan Nord 2011). Preserving and transmitting traditional knowledge to the next generation is seen by the research community as a major key to adaptation success in the long run because it can reduce vulnerability to climate change (Ford 2012). Several case studies have also shown that linking local knowledge to scientific observations increases the pertinence of adaptation measures (Ouranos 2015). 
	When engaging in climate change adaptation, it is important to determine the nature and extent of vulnerability of a population exposed to climate change in order to find the best and most effective adaptation actions that are also culturally appropriate (Syvänen 2011; Downing & Cuerrier 2011). For example, an appropriate adaptation measure for the inland communities of Eeyou Istchee James Bay may be useless on the coast or vice versa. An action sufficient for one community or group of people (e.g. elders, children, hunters, etc.) might be insufficient for another since vulnerabilities are not the same, and thus cannot be treated the same way. 
	According to Pearce et al. (2012), it is essential to ensure community participation during adaptation research, planning and application to grasp the full extent of what we are adjusting to. Experiences in the Canadian Arctic have revealed that community-driven research, community based-monitoring or co-management practices can be challenging at times, but appear to be means that encourage exchange between communities of different knowledge systems and foster recognition and value of traditional knowledge (AACA 2015; IAIA 2017; Ouranos Symposium 2017 – Session on northern environments). 
	Adaptation initiatives, strategies or plans should be considered as dynamic and ‘living documents’ that need to be updated and require continual reassessment (Pearce et al. 2009b; Pearce et al. 2012). Adaptation planning should be regarded as “the initiation of a practical and ongoing conversation that will shape actions through time” trying to “develop a framework for integrating and responding to new and changing information”, not creating a static knowledge base (ibid.). Adaptation should be a flexible, adjustable and continuous learning process which requires evaluation and monitoring of implemented adaptation actions and evolving climate risks (Ouranos 2015; Ouranos 2010). Adaptation requires both short-term (i.e. switching species or modifying the time and location of the hunt) and long-term adaptation strategies (i.e. modifying cultural practices) (Berkes & Jolly 2002). 
	According to Ouranos (2015), adaptation can take various forms, such as physical and structural adaptation relying on engineering and technological innovations. It can also occur through institutional leverage such as guides, regulations, economic and financial tools and governmental adaptation plans. The third type of adaptation implies communication tools and knowledge sharing.
	This state of climate change and adaptation knowledge indicates that Eeyou Istchee James Bay is in the initial phases of the adaptation process (Figure 10- 1,2,3). 
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	Figure 10: Stages and steps of the adaptation process. ©Eyzaguirre and Warren 2014
	At this stage, awareness of climate impacts and needs for adaptation are becoming apparent, but regional organizations may need more information and support (e.g. strategic, technical, financial, human resources, etc.) to implement strategic targeted actions. So far, there are very few initiatives regarding infrastructure, industry, ecosystem management and subsistence harvesting besides those already outlined in the previous chapters (Figures 1, 5-9). This may be due to a lack of accessible information, or because climate change has not yet been defined as a priority issue. Several monitoring and adaptation measures have been put into place in Mistissini, Whapmagoostui and Waskaganish (Appendix 16), mainly related to ice conditions and safety measures, but also water temperature and land access. These actions are mostly spontaneous and restricted locally and do not include any systematic data collection (CTA 2011). 
	Generally speaking, proactive adaptation initiatives are rare or actions are not documented in written form. Community adaptation actions such as announcements on the radio to warn people about unsafe ice conditions (Whapmagoostui), ice monitoring after freeze-up by the Fire Department (Mistissini), and marking a safe ice path by the Police and Safety department (Whapmagoostui) are used on an ad-hoc basis (CTA 2011). Besides, young hunters usually carry cell phones to communicate and check the weather in advance (Larivière 2011). The CTA made a call for action in 2011 stating that new security and safety awareness programs were needed to prevent accidents on the ice, in particular in spring (Royer et al. 2013). In the context of the Wemindji Protected Areas Partnership, the Cree Nation of Wemindji is developing a conservation strategy to establish an interconnected network of protected areas, safeguard wildlife, ensure food security and make sure that Cree values are considered in conservation planning. One key goal of this strategy is to build in resilience to climate change such as by creating areas that can buffer disturbances and accommodate wildlife shifts (CNG 2015a). 
	The Cree Nation Government also participates in the interregional monitoring of caribou, the Ungava Peninsula Caribou Aboriginal Roundtable, together with the Inuit of Nunavik and Nunatsiavut, the NunatuKavut Community Council, the Naskapi Nation of Kawawachikamach, and the Innu communities in Quebec and Labrador.
	Figure 11 presents future climate change adaptation strategies that were collected during climate change workshops carried out by the CTA. 
	 Creating local climate change committees based on already existing structures whenever possible. Main functions: maintaining general awareness of climate change, networking with other Aboriginal communities, holding an annual community consultation on the state of the environment and informing the people of ongoing scientific research, as well as identifying funding sources and partnerships to implement the needed activities. 
	 Monitoring climate change to gain a better understanding of changes in collaboration with research centres. This should also create training opportunities for young Cree researchers and actively engage youth as community researchers. Suggested monitoring activities: collect data on ice and weather conditions; monitor the main ice roads and implement a warning system; monitor polar bear activity around the communities; monitor habitat and wildlife; conduct a vulnerability assessment of species of concern. Some changes could be monitored without technical equipment such as seasonal signals.
	 Establishing security and awareness programs which may even be included into the school curriculum, e.g. winter survival camps. It was suggested to review existing emergency response plans and add safety equipment, install preventive early warning systems for extreme events, and increase community trade for sharing traditional foods and maintaining food security.
	Figure 11: Proposals for climate change action in Eeyou Istchee James Bay
	Three draft action plans to tackle climate change were also elaborated for Mistissini, Waskaganish and Whapmagoostui (see Appendix 17, 18, 19). However, climate actions could not be put into place following the workshops due to a lack of funding and staff (CTA, pers. comm.). Nevertheless, these action plans and the solutions already identified to tackle climate change issues could be used in the future if funding and resources are secured. It is to our understanding that these actions still reflect the priorities of the communities. The collaborative climate change monitoring tool GeoPortal, developed by the CTA, has not been used by Cree hunters and trappers since 2011, likely due to a lack of promotion and other limitations (CTA, pers. comm.). These examples indicate that monitoring and performance control as well as financial stability and continuous funding are crucial to guarantee the effectiveness of climate change adaptation. Experience from other community-based adaptation programs in Nunavik shows similar results.
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	Some indigenous communities in Canada have implemented very promising adaptation strategies. There are projects in various fields. The following examples could provide inspiration, and their progress and results will shed a light on facilitating factors and barriers which could help advance adaptation action in Eeyou Istchee James Bay. 
	 Ice monitoring: SmartICE is a real time ice monitoring project in Labrador. https://smartice.org/ 
	 Food security: Community greenhouse: https://inuvikgreenhouse.com/; Avativut project on berry productivity: http://www.cen.ulaval.ca/avativut/en_accueil.aspx; Kuglutuk Berry Monitoring Project: http://www.arcticcbm.org/index.html#eyJ0IjoieCIsImkiOiIxZGY4Mjg0MWQzZWM5MmYwY2Y2OTQzZTE1NTY1MjRjZiJ9. The Arctic Institute of Community-Based Research has multiple projects on food security. 
	 Infrastructure: The Nain Research Centre has a multidisciplinary initiative called Sustainable Communities http://nainresearchcentre.com/the-sustainable-communities-initiative/ which focuses on housing, infrastructure and community development; energy security and also food security in the context of climate change and rapid population growth. Kativik Regional Government produced a guide on climate change adaptation for municipal practices. The community of Akwesasne is currently working on adapting the PIEVC (Public Infrastructure Engineering Vulnerability Committee) protocol to a First Nations reality in terms of water management.
	 Species: Community Youth Researcher Survey on Polar Bear and Caribou in Fort Severn, Ontario. http://www.climatetelling.info/fort-severn.html or the Arctic Borderlands Ecological Knowledge Coop working on caribou monitoring in the North-West-Territories, Yukon and Alaska.
	 Traditional knowledge: award-winning SIKU project to create a living wiki-archive of Inuit knowledge. https://arcticeider.com/siku-help
	CONCLUSION & RECOMMENDATIONS
	Climate change affects social and natural environments, built infrastructure, industrial and economic development (Figure 12). Therefore, it represents a major challenge to Cree culture, identity, health and subsistence activities, which are intimately linked to the land, its occupation and use (Figure 12). Various studies have demonstrated that climate change also exacerbates existing stressors such as industrial development or socio-economic challenges (Ouranos 2015). This report demonstrates, by relying on scientific studies and local observations by the Cree, that significant changes are already occurring, e.g. warmer air temperature, more extreme events, northward migration and phenological changes in species, modifications of land access, etc. 
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	Figure 12: Impacts of climate change on the environment, economy, infrastructure, industrial development and the maintenance of Cree identity and way of life
	Although some adaptation initiatives are progressing, they are still very limited and mostly voluntary or reactive, such as ways to adapt subsistence harvesting, infrastructure management or industrial development. Considering the observed and projected changes presented in this report, it appears necessary to think proactively about adaptation strategies and continue research in a region that has been largely overlooked in the past. Examples in Canada have shown that it is possible to adapt by relying on the use of general assumptions (e.g. climate events will recur, continue or increase in severity and frequency) and climate predictions with a certain degree of uncertainty (Eyzaguirre & Warren 2014). 
	In order to apprehend changes, mitigate effects and adapt adequately, future studies may focus on the research gaps and recommendations identified in this report and summarized in Table 10. However, local and regional consultations should be carried out to verify which topics are really relevant and could help the communities move forward and better prepare for the future. Research needs to take a holistic, multidisciplinary approach and should be carried out by or in cooperation with local stakeholders, while also aiming to engage and train Cree youth. Past studies in Nunavik and Nunatsiavut (Allard & Lemay 2013) as well as several ongoing studies (e.g. ArcticNet’s IRIS 3 report; public consultations in the Eeyou Marine Region) can provide valuable information and research directions. Existing tools such as the GeoPortal or strategies applied at the community level (e.g. awareness and security programs) may just need to be promoted, supported more or adapted to encourage a widespread use all across Eeyou Istchee James Bay. 
	Table 10: State of climate change knowledge in Eeyou Istchee James Bay, research gaps and recommendations
	/
	Climate change research and adaptation actions can be mainstreamed into practices, but it is important for decision and policy makers at all levels to recognize the issue and its many challenges for the Cree way of life and sustainability. Integrating climate change into frameworks such as land-use planning, resource management plans or research agendas will help to better coordinate adaptation efforts. Close collaborations among multi-level stakeholders (e.g. regional authorities, researchers, local organizations) encourage participation in the adaptation process, and can also facilitate the implementation of actions. Examples presented in this document indicate that monitoring and performance control as well as financial stability and continuous funding are crucial to guarantee the effectiveness of climate change adaptation. Finally, new information derived from climate and adaptation sciences should be communicated in a user-friendly way to the target audiences. 
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